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Introduction

- The work of this contract was intended to develop the atmospheric

model which integrates the emission and the scattering term in a combined

foiri and to provide analysis of the earth atmospheric emission data gathered

by the SPIRE payload in these two terms.

Our work performed throughout the entire period can be divided into

five areas:

(1) incorporation of various computer programs designed to

calculate the atmospheric infrared emission level under a

specific condition;

(2) improvement of the algorithm employed in these programs;

(3) development of an atmospheric infrared radiance model which

unifies the emission and scattering term;

(4) application and evaluation of the developed model to analysis

of the SPIRE data; and

(5) evaluation of some preliminary test data for the coming AFGL

balloon-borne atmospheric emission measurement experiment..-

The SPIRE experiment was carried out during 1978, and the collected

data were made available to us in late 1978. Our effort during the early

phase of the contract period, i.e., prior to the SPIRE launching, was

focused in the area of (1) and (2). Our Scientific Report No. 1 summarizes

2Ii our progress made during the early phase. The present report will describe

our work covered in the entire period, with a special emphasis on the

fr progress made since the last report.

I,! Upon inspection of the SPIRE data, it became obvious to us that the

existing computation programs are much more elaborate than required in the
___ _-____ A_ ____
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analysis. A quick check on the observed scattering radiance level revealed
3,4

that the single-scattering theory with the Rayleigh particles produced a

I result adequate for the analysis. The Monte Carlo code developed by

5,6,7
Blattner and his co-workers is found unnecessary for the analysis, because

the computation based on the single scattering process produced a result

which agrees, reasonably well, with the SPIRE observed data. The existing

computation programs treat the scattering process entirely separately from

the absorption-emission process. We find them rather inadequate for

explaining why some molecular bands change their absorptive behavior

against the scattering background to become emissive as the altitude

increases. A theory which unifies both processes in the radiative

formulation is definitely needed for the analysis. A limit placed on time

restricted us to develop a computation algorithm which generates the

spectral radiance level as a function of frequency and an observation

condition in an automatic fashion. We feel that we are on the right track

for seeking a solution to the problem. Nonetheless, we came to understand

the basic radiative mechanism of the upper atmosphere with an extent that

we can place a proper perspective to the analysis of the SPIRE data.

Radiative Process

The radiative transfer in the atmosphere is traditionally analyzed in

treating the infrared radiation field as a continuous flow of radiative

energy. The interactions between the radiation field and the atmospheric

gas is formulated in an integral equation. Several computer programs have

been written for analysis of the radiation transfer problem. Our approach

taken in the present study is slightly different from the traditional

analysis. We tried to analyze the radiative transfer in the upper atmosphere

in following the interactive process between the photons and molecules.

...j2



The photons incident into a layer of atmosphere would go through one

of three processes: (1) they may be absorbed by the atmospheric molecules

or atoms; (2) scattered by the Rayleigh particles or by the aerosols; and

(3) left unperturbed. We can formulate these interactions between the

photon field and the molecular system in terms of the density of these two

interacting partners and a quantity which indicates a strength of the

interaction.

The interaction between the photons and the molecules (or the atoms)! 8
in the absorption process is specified by Einstein's formulation. The

number of molecular transitions Nt in unit time per unit volume, when

interacting with the photons of a frequency v, is given by

Nt  (N B -N B(1)
t £ku u u

In this expression, the following notations are used:

N : number of molecules per unit volume in lower state I

N : number of molecules per unit volume in upper state u
Bu

Bu: Einstein coefficient for induced absorption

B : Einstein coefficient for induced emission
u9.

p(v): spectral density of the radiation field in unit volume at
frequency v

The density p(v) is related to the photon density N given in unit volume

p
per second by

c Mv = N hv, (2)

where h is the Planck constant and c is the speed of light. Combining

Eqs. (1) and (2), the molecular transitions Nt is given by

t =(N B u-NuBu ) N hv

c

This expression can be rewritten by using the molecular absorption

"L4



strength S~u (cross-section)9

Nt = 4N N S (4)

where

hv(NB -N B) N
S NC_ N k

with N the number of molecules in unit volume. In deriving Eq. (5), it is
0

assumed that

N = N . (6)
0 z

The Eq. (4) derived above specifies the number of molecular transitions

Nt in the photon density N p, the molecular density No, and the molecular

absorption strength S which is experimentally determined in the laboratory.Lu

The scattering process can be formulated in the same way. A traditional

approach is somewhat different in that the incident radiation field is given

in the irradiance; the power scattered toward the direction 4 by a molecule

is given by

m ( )E°0 = 1(0), (7)

where E is the irradiance of the incident plane wave. We can formulate the

incident irradiance by

E = N hv, (8)
0 p

J I again using Np, the photon density in unit volume per unit second. Now we

find that the power scattered by a molecule is given by

4 I() = N hv W). (9)
P m

The radiative power scattered toward the direction * per unit solid angle by
an ensemble of molecules N in unit volume is given by

I'()= N hv N am(). (10)

Thus we get the desired form for the number of photons scattered toward the

24I



direction 4;

N ( € ) =N Nop(¢)" (al)

For the Rayleigh scattering, the scattering cross-section is given by

(y = 9 2  (1) sin 2  (12)m N2c4 n2+2

~ 4w2 2 (n-i)2 sin 2 4

N2 c 2

4
where N is the number of molecules in a unit volume at S.T.P.

The energy absorbed by a molecule from the radiative field is sooner

or later released from it in a de-excitation process. In the upper

atmosphere, the de-excitation is done by the radiative process. The

photon absorbed by a molecule is re-emitted to the radiation field

isotropically. If the original absorption occurs between the ground state

and the first excited vibrational state, there is no significant change in

the photon energy of the absorbed and of the re-emitted. In the lower

atmosphere, a local thermal equilibrium is established; the energy a sorbed

by a molecule is dissipated into the kinetics energy shared in the molecular

ensemble. The interaction between the molecular ensemble and the radiation

field under the ]ceal thermal equilibrium condition is treated below in

calculation of the photon density. The de-excitation under this condition

is done predominantly by the collisional process. In a transient region

rrom the lower to the upper atmosphere, the molecular system de-excites by

both processes.

Photon Density in Atmosphere

There a-e two radiation soirces which must be considered in the infrared

II 5



radiative process of the atmosphere: the solar radiation penetrating the

atmosphere from the top, and the radiation going upward to escape to the

outerspace from the earth's surface. The energy density p(v)dv of the

black-body at temperature T is given by

o(v)dv = 8Thv dv (13)c 3  hv
ekT_, e -I

The photon density N in unit volume per unit second per wavenumber interval
p

do emitted by the same blackbody radiator is

N do C p(v)dv
p 4hv

2Trv 2  do 2To2c do (14)
c hoc hco

kT 1 kT
e -l e -1

For the tellurie radiation, the photon density is calculated by taking T at

a value between 2250 K and 300 0 K. For the solar radiation, it is calculated

by the same expression wi'th an attenuation factor;
2

Ss --
(15c

iie -l

where r is the solar radius and R is the solar distance, T is about 60000K.S 5

2 5The front factor (r /R ) is approximaLely 2.2 x 10- . In Figure 1, the

photon density for three cases is plotted as a function of the wavenumber o:

(1) the solar radiation calculated by Eq. (15), (2) a blackbody at T = 300'K,

and (3) a blackbody at T = 2250 K. The telluric photon density in the upper

atmosphere is affected by the optical thickness of the lower atmosphere. In

some spectral ranges, there is no atmospheric molecular absorption, and the

photon density for the 300 0 K blackbody remains unaffected from the earth's

surface to the top of atmosphere. In a region where the atmospheric

I 6



absorption is extreme, the photon density in the upper atmosphere is

controlled by the energy density of the blackbody radiation at the tropopause

temperature T = 2250 K. We can observe in Figure 1 that the molecules and the

atoms in the upper atmosphere are excited by two types of radiations which

have a vastly different spectral characteristic. The telluric photon density

remains unaffected by the solar daily motion. The photons in a region below

-1 -1
2000 cm are predominantly telluric, while those in a region above 2000 cm

in the daytime are solar.

The emission due to the CO2 transitions, one for the (01101-0Od 0 band

Th cmisio ( othe CO n 2 trniinoefrth 011OOJbn

at 670 cm- 1 (the v 2 band) and another for the (00011-00001) band at 2300 cm

(the v3 band), is ready for a qualitative analysis using the photon density

calculated for the curves shown in Figure 1. (A more detailed quantitative

analysis will follow later in the report.) Once accepting the photon

spectrum shown in Figure 1, we find that the photons available for exciting

the v2 band are telluric. The temporal characteristics of the telluric

photons remain independent of the daily cycle. Thus the v2 (01101-00001)

band emission at 670 cm- 1 must remain unchanged between the day and the

night time. The SPIRE data shown in Figure 2 for this CO2 band confirms a

stationary nature of the emission. The CO2 3 (00011-00001) band at day

side is excited by the solar photons, and by the telluric photons at night

side. Since the v transition is very strong, the telluric photons
3

available in the upper atmosphere are those of a 225°K blackbody. The

difference in these two densities between the solar and the telluric is two

orders of magnitude. Thus the radiance level of the transition should undergo a

change of about 2 orders of magnitude between the day and the night. The

SPIRE data in Figure 3 indicates that the v 3 band emission primarily under-

goes the diurnal change described above. Upon a careful inspection of the data,
the radiance level at nighttime is brighter than what can be predicted by the

telluric photon level.17 We will make an analysis on this anomaly later in the

report.

7
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Model for Calculating Atmospheric Radiance Level

The expressions obtained above in Eqs. (h) and (11) are concerned with

an individual interacting process in which a single photon is either absorbed

or scattered by a molecule. In this section we will develop a model which

relates the atmospheric radiance level to the basic interaction process

given by these expressions.

The energy absorbed by a molecule in interaction with the photon field

must be released in a de-excitation process. In the upper atmosphere, the

only process available for de-excitation is a radiative process. A question

which must be raised and answered for such a radiative excitation-de-

excitation process concerns an establishment of equilibrium population

density among various molecular states. Degges and other workers developed

the computation program capable of giving an estimate of the radiative level

11,12
in the normal atmospheric environment at high altitude. We are truly

thankful for the existence of these programs which provided a valuable help

to develop our insight into the problem.

We modified the Degges program to suit our needs, and to improve the

computation efficiency in our CYBER system. A brief description of our

effort along this direction will be given later in this report, together

with the listing of our modifications. The atmospheric model is judged on

its ability for producing a reasonable estimate of the infrared radiance

level; in particular, it is questioned on precision and practicality.

The computation scheme to obtain the radiance level must find the

equilibrium population distribution which is established among the

vibrational states when the molecular system is subjected to balance with

the photon field. The precision needed in the computation is somewhat

controlled by a spectral resolution of the result. The emission involving

11
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the hot-band transition can be distinguished only with an improved spectral

resolution, because it is usually buried under the fundamental transition.

We decided to ignore these hot-band transitions from our model in a belief

their contribution is not significant to the computation. The assumptions made

in our model* are certainly open for debate and all criticisms to our view-

point are welcome. Our view that all transitions observed in the data

occurred from the ground state, in turn, simplified the calculation to a

great extent. A direct correlation was resulted in our formulation between

the radiance level for a particular tangent height and the molecular density

of the concerned molecular system at this altitude.

The total energy emitted by the molecules in a unit volume through the

radiative de-excitation is equal to the energy absorbed by the same

molecules if that is the only process feasible. The absorbed energy is

given by the number of transition times the photon energy: b' = hvNt.

The energy released in the radiative de-excitation is emitted isotropically.

Thus the energy re-emitted per a unit area over a unit solid angle is given

by: b = b'/4 = hvN t/4 . The photons released from a molecule are very

unlikely absorbed again, since the atmosphere is optically thin.t Even if

they are absorbed, they are re-emitted in the photon field. The photons

which reach a sensor of a unit area with a field view of a unit solid angle

are computed simply by accumulating the contribution from each unit volume

which falls into a line of sight. Since the optical etend- preserves, the
I I

summation which we must take in the calculation is equal to that of each

contribution b taken over a column of a unit cross-section extending from

the sensor to the space all the way along the line of sight. The radiance

level per unit solid angle integrated over the band is then given by

*See the Appendix D.
tThe absorption along the limb-view path of 100 km tangent height is less
than 5% for the (00011-00001) band of 002.

12
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B= hvNt hvSuk N N (16)

where N is the total number of molecules counted along the line-of-sight

per unit area;

N = fN di. (17)
0

The density of atmospheric molecules falls off approximately exponentially

with the altitude. If we can assume the density N(h) as a function of

altitude h given by h-h
- 0

N(h) = N(h ) e (18)

with a characteristic constant H, the total number of molecules between two

altitudes h and h is given by
o h-h

0

N(h,h 0 fh  N(h) dh = N(h ) fh e H dh (19)
h 11

0 0

N(h ) H
0

For the limb view calculation, we need to calculate a distance 9

between two altitudes, the tangent height x and a height above by H. The

diptance k is calculated by

k. = (x+H+p) 1 H - x+ )2 (2H) (x+p) (20)"x+H+p

where p is the earth radius (= 6360 km). To calculate the total density N

along a line of sight to the tangent height x, we use the approximation

Eqs.(19) and (20):

0

where N (x) is the molecular density at altitude x. With the approximate

total density N derived in Eq. (21) the limb-view radiance at the tangent

13



height x, is given by an expression

B S N (x) 2 V2H(x+p) N (22)
7T uk 0 p

The expression given by the equation above requires an estimate of the

photon density N . The value shown in Figure 1 is given in a unit wavenumber
p

interval. The photons which contribute to the transition are those within

the width of the vibrational-rotational lines. If we take the photon density

to be the value over the band, say 100 cm- 1 for the CO (01101-00001)

transition, we obviously get an erroneous result. The effective photon

density must be adjusted by multiplying an effective number of the rotational

lines within the band times the line width, which we can safely assume the

Doppler width for those in the upper atmosphere.

CO2 Bands, (01101-00001) and (00011-00001)

The CO2 molecule is relatively stable in the atmosphere, because neither

electronic transitions nor photo-dissociation occurs in the entire spectral

range below the Schuman-Runge Continuum of 0 . The mixing ratio remains
i2

constant in the atmosphere below 120 km where the 0 absorption is very
2

effective in blocking those high energy photons in the extreme uv region.

As a result, the equilibrium population distribution iL established

Ii among various vibrational levels in the electronic ground state with

insignificant perturbation from higher excited electronic states. The

equilibrium is achieved in balance with the infrared photon field. Under

this condition a major concern must be directed to the equilibrium population

established for the metastable (10001) and (10002) level, which locates

approximately 1300 cm- above the vibrational ground level. Since there are

no optical transitions allowed between those and the ground level, a primary

i14



candidate for pumping these levels is the radiationless collisional process

which occurs only in the lower atmosphere. The SPIRE data indicate that the

emission by the (10001-01101) and (10002-01101) transitions is definitely

observable at low tangent height in both the day and night conditions. At

high tangent height both of the emissions become less distinctive. It may

be concluded that the radiative pumping mechanism for these metastable

states is rather minor. The observation coincides with the results obtained

by the Degges' radiation balance computation program.

The limb-view radiative levels of the observable CO2 bands for high-

tangent height are calculated with a reasonable accuracy by the model

developed above. There are two clearly observable CO2 emissions in the

SPIRE data, one for the (01101-00001) band and another for the (00011-00001).

As mentioned above, the emissionsby the (10001-01101) and the (10002-01101)

transitions are observable in the low-tangent-height data. Both the

(10011-00001) and the (10012-00001) band will be discussed together with

-i -i
the scattering continuum observable in the 3000 cm %, 10,000 cm region.

The radiance levels shown in Figures 2 and 3 are extrapolated from the

SPIRE data by integrating them over the entire band. At a tangent height of

100 km, the (01101-00001) emission is 3 x 0 (watt/cm2 sterad). Using the

expression given in Eq. (22):

y SN N
B 0

iT
2 1 watt/cm2

our calculation yields 2.0 x 10 sterad. In deriving the value,

we take

hv = 1.32 x 10-20 Joule
"' 10~-8 mo-/c 2  -

S = 8.3 x 10 mol /2 cm

N = 5 x 107 x 109 for the 100 km tangent height, and

4
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N 3 x 1015 x Ao x n 3 x 101 5 x .O1 x 40,p

the Doppler width Ao calculated by

0= 30 - = 0.001 cm - for a = 670 cm -

mc

and 40 rotational lines as those effectively emitted.

The SPIRE data indicate that the (00011-00001) emission at 100 km tangent

height is 3 x 10- 7 (watt/cm2 sterad) for tne daytime level and 3 x 10
-8

(watt/cm2 sterad) for the nighttime level. Our simple-minded calculation

shows that B = 2.1 x 10
- 7 (watt/cm2 sterad) for the day data and 2.1 x lO

- 9

(watt/cm2 sterad) for the night data. In deriving these figures, we take

= l0 -20
hv 4 x 10 Joule

S = 9.6 x 10 - 1 7 mol- /cm 2 cm- 1

N = 5 x 10
7 x 109

0

N 3 x 1013 x .1 for the day and 3 x 10 I x .1 for the night.

The observed and the calculated data for the day level agree reasonably well.

The observed nighttime radiance level is about one order of magnitude higher

than our calculation. In Figure 3, a dotted curve shows the nighttime radiance

17
level calculated by our formulation, Eq. (22). Kumer et al analyzed the

nighttime zenith radiance data of the same band (00011-00001), which is shown

in the same Figure. Both nighttime calculations are remarkably similar.

The SPIRE data differ from the data used in the Kumer's analysis in that they

are for the limb view. The total CO molecules involved in both data differ
2

by an order of a magnitude. Thus, the radiance level differs by the same

magnitude. The deviation from the exponential decay line in the radiance

level occurs approximately at the same altitude for both data. Kumer et al

interpreted this anomaly in terms of the extra pumping produced by the

vibrationally excited N2 molecules. The SPIRE data indicates that the

2
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difference of the nighttime radiance level from the earthshine figure is

more pronounced in the high altitude region where the interaction to the

neighbor molecules should decrease. The anomaly in the nighttime radiance

level for this band remains mysterious. We studied a possibility of

3 3observing the emission by the W Au - B 7g transition of N2 which could be

more intense at the altitude above 100 km because of a higher electron

density there. A radiance level for the transition estimated on a basis of

the known data fails to support the possibility.

Since at a low tangent height the band is completely saturated and the

line structure is lost, the photon density available for the absorption is

no longer adjusted by the effective number of the rotational lines excited

in the band times their width. It is given by the width of the entire band

times the photon density: 200 x 3 x lOll piotons/cm2 /sec. Tpking the photon

energy hv = 4.6 x lO- 2 0 Joule, we can estimate that the saturation level is

given by

N P h 0.9 x 10 - 6 (watt/cm2 sterad).

r7
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Scattering Radiance Observable Between 6000 cm- I and 7500 cm-I and the

CO -H 0 Band at 3600 cm-1
2 2

The radiance level in a spectral region above 4000 cm- is strongly

influenced by the scattering process, in particular the level observable

at a low tangent height. For the Rayleigh process the scattering

differential cross-section a(4) is given by Eq. (12):

N229~r2o4 (n 2 _l) sn f24(!L-_1) 2 sn
=N2 n2+1 i 2  ~ N sn )

where a is the optical frequency in cm both n the refractive index of

the atmosphere and N the number density of the air molecule are those values

at the S.T.P. condition, and € is the scattering angle. The factor (11-1 ) is
N

a slow varying function of a. The scattering cross-section is thus

predominantly controlled by a and 0. Figure 4 shows the front factor

4*T2 (n-l/N)2 as a function of a. The radiance level obtained by the SPIRE

experiment is compared with the computed value for the Rayleigh scattering

in Figure 5. The observedvalues are replotted as a function of a and of a

2 -tangent height in a unit of watt/cm strad cm . Irregular structures

which can be considered as the molecular absorption or emission are removed

by smoothing out. In the computed values, N is assumed by the solar value,
p

13 3 -
3 x 10 photons/cm /S/cm . The observed radiative level supports the

4*

computed molecular scattering level even though a minor difference exists,

4 dependent on the tangent height and the spectral frequency.

4 The comparison shown in Figure 5 leads us to conclude two characteristic

features of the radiance level in the 3000 -. 7500 cm range: (1) the

scattering radiance is controlled by the single-scattering process; and

(2) its main mechanism is the Rayleigh process. The aerosol particles

contribute to the over-all scattering process, not significantly even at a

low tangent height of 15 km.

18



A problem which we will discuss below plays a central importance in

calculation of the infrared radiance level in the upper atmosphere. It is

a combined effect of the molecular absorption-emission process and the

scattering process. It was treated rather lightly, if not completely side-

stepped. The computation modeling of the atmospheric radiance developed

to cover a region where only one of these processes is irportant in the

radiative process. There were no models developed to treat the situation

where the processes are competitive. The data obtained by the SPIRE

experiment is in fact the first to observe the radiance level generated by

these processes in competition. The data revealed an extremely remarkable

feature for the radiance level in the region of the H20~CO2 2.7V band

(3600 -- 3800 cm-). The radiative level observed in the 15 km tangent

height data shows an absorptive feature for the band, while that in other

data shows an emissive feature. The radiance level remains rather

stationary at 10-7 (watt/cm2 strad V) or 7.5 x 10 (watt/cm2 strad cm-I )

over a wide range of the tangent height from 15 km to 41 km.

By means of the molecular absorption process the molecule is excited

to a higher vibrational state in interacting with the radiation field. The

energy absorbed by the molecule in the excitation to a higher vibrational
4*

state is equal to that supplied by the photon field. During the de-excitation

stage, the same amount of energy is released. Dependent on the environmental

surround to the molecule, the energy release takes place to the photon field

or to others. If the interaction with the photon field dominates the de-

excitation process, there is no net energy loss in the photon ensemble.

' The absorbed energy from the photon field is released back to the photon

field by the de-excitation process. When the collisional process dominates

the de-excitation process, the energy absorbed from the photon ensemble is

19



not released back. The photon density in the ensemble decreases until the

photon ensemble reaches a thermal equilibrium with the molecular ensemble.

The photon density which is established under a thermal-equilibrium is given

by the expression which was used to compute the values for Figure 1:

N 2no
2c

p hc
kTe -i

The radiative level observable from such an ensemble of the photons and

the molecules is given by

hvN
-7.

The stationary emission observed for the 2.7p H 20-CO2 band corresponds

to the situation described above. What we can observe is the photons

generated by the H 20-CO 2 band which are in a thermal equilibrium at the

tropopause temperature. Using the blackbody photon density N .92 x 107
p

at 3600 cm-I ,nd 2250 K, and the photon energy h 7.1 x 10- 20 Joule at

3600 cm the saturation level I is calculated as 2.1 x 10 watt/cm

-- 11
sterad cm With assuming T = 2600 K, the computation yields 5 x l l

2 -
watt/cm sterad cm . This value is independently determined from the

internal excitation-de-excitation mechanism of the molecular system.

Whenever the molecular system establishes a thermal equilibrium with the

environment under the saturation absorption condition, the photon field must

be in an equilibrium with it. The stationary photon flux observed for the

1%7 H 0 -CO 2band represents this situation, as was the case for the CO 2

(00011-00001) transition at lower altitude. If the saturation photon flux

is larger than the scattering photon flux, the radiance level of the band

in question is emissive. If it is smaller, the radiance level is absorptive.

20
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In both cases, the radiation level remains constant.

The Radiance Level of a Moltcular Band

In the last two chapters, we discussed the saturated radiance level of
the v band of CO2 and of the 2.7p H2-CO band. We found that the photon

flux under the saturation conditions is given by the blackbody radiation

formula; i.e., that the molecular system and the photon ensemble come to

establish a thermal equilibrium. For a given molecular band, there exists

a critical altitude that the photon density is completely specified by the

blackbody radiation formula independent from the vibrational-rotational

transition. In the atmosphere above the critical altitude, the photon

density is specified by the molecular transition equation, Eq. (4):

Nt= 4 N N S.t Os

A sensor placedvery high in the atmosphere collects the photons generated

by the molecular transitions which occur along a line-of-sight. With the

approximation of a thin optical density air, the total molecular transitions

which contribute to the observation are given by integrating the transitions

N along the path:
t

N fN tdt (23)

Under the approximate expression derived for an observation at a tangent

height x, we calculate the total density per a solid angle per a unit cross-

section by
4N S

N(x) = -"--- N (x) 2 vr2H(x+p) . (24)iT 0

In deriving the equation above, an assumption is made that the photon density

N responsible for exciting the molecular transition is constant along the
p

path. In a spectral region below 2000 cmI where the telluric photons at

the tropopause temperature control the excitation, the assumption is obviously
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well justified. In a higher cm 1 region where the solar photons are

dominant, a blackbody temperature corresponding to the solar photon density

is much higher than the tropopause temperature as seen in Figure 6. The

radiance level of the molecular emission reaches a maximum plateau at the

saturation photon density specified by the temperature of tropopause. Thus

the molecular transitions, even when they are integrated along a long path,

are much less than the solar photon density flux which has a temperature

much higher than the saturation photon temperature. The loss caused by the

molecular transition along the path is therefore much smaller than the total

solar photon density, and a constant photon density is maintained, as assumed

above. This justification obviously breaks down as the radiance level

approaches the saturation level.

In a non-saturating region, we find that the observable photons given by

Eq. (22) are controlled by the factor N(x ), the molecular density at the

tangent height X. In the first-order approximation, the radiance level at a

particular tangent height gives the density of the observing molecule at that

altitude. For a stable molecule, its density decreases exponentially as a

function of the altitude. We can model the radiance of a molecular band, as

snown in Figure 7, by an exponential function with a plateau at the critical

altitude. The model certainly agrees with the radiance data collected by the

SPIRE for the V band of CO 2.* The computed results by the Degges program as

well as by the LOWTRAN for various bands support this model.

*The atmospheric soundii.g technique currently experimented uses this model.

It is to observe the saturation photon density at the critical altitude, which
varies from a spectral region to another as a function of the absorption
strength. The observed radiance level gives a local equilibrium temperature

%)j at the altitude. An atmospheric sounding program proposed to NESS will use
the (01101-00001) and (00011-00001) transitions of CO 213

22
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In the upper atmosphere, the radiance level is thus dictated directly

by the molecular density. A deviation of the radiance level from the

exponential decay is expected if the molecular concentration falls off

rather differently from the exponential model. The SPIRE data on the infra-

red radiance level provide a base to determine the concentration of the

observed atmospheric species as a function of the altitude. From our point

of view, the radiance level data of 03, H20 and NO and other minor species

provided the first measured data which revealed the distribution of these

species at high altitude.

The radiance level data of 0 observed at a tangent height of 80 km
3

show a rather dramatic change from the day to the night side, while the

density of the excitation photons remains unchanged between these two

periods. A mechanism which causes the diurnal change must be sought in

some photo-chemical effect triggered by the ultraviolet photons.

Modification Applied to the BGND Program

In the course of our study, we made an extensive use of four computation

11,12
programs: the BGND written by Degges of Visidyne, Inc.; the LOWTRAN by Selby

l4 5,6,7
of then AFGL; the FLASH by Bl~ttner of Radiation Research Associates, Inc.;

15,16
and the FASCODE by Clough et al of AFGL. We applied some modifications to

these programs for improvement of the execution efficiency. The operating

system of our central site computing facility is designed to accommodate a

large number of the remote terminals. Because of the operating system, we

found that the program executes more efficiently if its working space required

is reduced in size from the original. We divided these programs into small

sections, achieving their executions through our remote terminal possible

during the regular hour. In addition, inefficient 10 operations found in

these programs are streamlined to meet our specific needs and to reduce a

27
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computational waste. We have consequently achieved a substantial improvement

in running these programs. Our strategy for using the FLASH program was

described in our Report No. 1. Overall modifications, except for the BGND,

did not extend to rewrite their computation algorithms. We feel that they

have no specific merit for their coverage in this report. The case for the

BGND is different. Our modification is listed in the Appendix. A general

logic flow of the program execution is illustrated in Figure 8.

Other Efforts

(1) For the balloon-borne experiment, we evaluated the test data on the

interferogram PCM telemetry scheme. We found some mysterious bit

droppings in the PCM interferogram data string. A substantial effort

was poured to resolve this mystery in a joint effort with the Idealab

and the AFGL. No conclusions were made on this problem. Our effort

was switched after a new contract for the balloon-borne data analysis

became effective.

(2) A very efficient CRT display program for the CYBER system was written

by R. Lauzzana. Its listing is given in Appendix B.

(3) In anticipating a large amount of the CYBER generated plots, we

implemented a micro-computer controlled linkage between our plotting

machine and the CYBER MODEM scheme. The program implemented on ROM of

the 8080 system is listed in Appendix C.

Conclusion

The SPIRE experiment is in a sense a historical event in the progress of

atmospheric physics. Even though the data were collected using a simple

spectrometer radiometer, their merit is extremely valuable in developing our under-

standing of the atmospheric radiative process. Our simple-minded model

28
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achieved a good success in understanding the radiance level of the maJor

atmospheric CO bands. We believe that our constructed model provides a
2

good insight into thie atmospheric radiative process. Ours..Is zo different

from the aforementioned computation programs, since all of these are

constructed on the same theoretical development. Ours attempted to model

the radiative process in the simplest form possible required for providing

a good estimate of its level.

There will be no question that the data will be collected with an

improved spectral resolution, as time will progress. Then we will come to

understand more details of the radiative process in the atmosphere. In so

doing, we will be more appreciative of those aforementioned computation

programs. At this moment, our simple-minded model functioned reasonably

well for analysis of the SPIRE data, revealing a basic character of the

infrared radiance level in the upper atmosphere, as well as some abnormal

feature which must be studied more carefully in the future.

The following list summarizes our model of the radiative process

in the upper atmosphere:

(1) In the upper atmosphere, the molecular absorption transitions which

trigger the emission are well approximated by assuming that they
,I

originate from the ground state.

(2) The photons available for exciting the molecular transitions are

either those of the telluric origin or of the solar origin. The

cross-over takes place in the vicinity of 2000 cm

(3) Below the critical altitude, the molecular bands establish a local

thermal equilibrium with the photon field. The radiative level given

by the blackbody radiation formula is maintained over a large range

of altitude if the absorption is very strong. It is independent
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of the observation condition and of the scattering radiance 
level.

(h) Well above the critical altitude, the radiative level of the 
molecular

band is proportional to the molecular concentration at that 
altitude

in the first-order approximation.

(5) The scattering radiance level in the near infrared region is primarily

determined by the Rayleigh process with a single scattering 
center.

I 3
,I
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Appendix A

PCGRP1 EGREPE(OLIFUT 1DFEi TDPE2 TAFE6)
THj SCTFY e.F* AFF F C; n GC FIROGRAP. TT jUST FEADS CEGG-S
cA N G OP17PE y F RO RA P ANRAO.

cLOST CHANCE AUG IC, 19.I t of(5, C ( %(2 D A S 5
MEICI )(11( ~I .2S) )ItT(4),ALT(30) STCRE(7j IA T(251

E PEc 1* tATATY; t ,CC XTHFe) Cfl (75WLVNt 5V KPN2)
CIPENtZAG(71 STAU (7,!PSFC (81 9RC (8) RATIC (0)

CCJd.MCICEd/CHEMSE(S2)vT(52)SL)(?,5qFL(5
C PENS4CP* ICCUT/NRNFNht92

CIMEASIAN TY(T,fI~1,)/PrN 8CFC ,iAE AeNTT
COMCN /QOLS ,MOZ/ 1qRqkAFCZCEXTCCX8

CCMC /TOCM NL
CCMK/CFi CE
CCMNICTNvFN

RECH~. I)IA

N~TW 25 6G

10 FCRMI (ii~132) .
REAO(1,0)I6K., K1Ld THKALt

540 FCPMATH- ( 7)Tt CAR 6 2CICF CGASR FOR Ge!, 13
W1FITE(NWICIXD(,4,1,) TG

50CC 10C K:1,EGA

30 FCRMAr (4UF5.IF8.1 ),1,
READQt*RESI1tAL(L,TC(19)9 TCKi,2) IHK K)V
I F(ICIE*C.J) GO TC SC

40 FCFMI( 71-C CqC A6 CCUT F CP CER FOR GI3 IM fCt %. !
WFI~TE (Nh,7C)JIFIVE~q=I4

80 F(KCI-K.EG.K) GO 7C e0

CC TO RI

11 CNTIU
0 CNT NU

119 FCRMAI(42wA ALT. NCT FCLtNC Ch~ CAA CARCS -GtS NC*, 13)

N30STO E" z CC1 £ C(ST C FE M)
IF(ALTMec-T.IFC,) CC TC 1540
1ALT(j)zfitTP-5q.

140 IDLT(J)=Sj.4(ALTMI5 C.) #5.
150 CALL 1NT ERF (ALTSTCRE, kSET, ;)

10CN1C L 1 1
160 1- , X~F(CCNC(LvJ)l

170 CCNTINUE

MFICtK.EG.I) GO 7CISE
lgFCRWA7( 7) It CAC, 9E2EPCLT OF CRDER FOR TEPF OATA)

90CC ?54F K:1I,

K2=KI 44
ljl~ttj~ IA SL SJFFM L-l(1K~llpICHK, KCH(

201) FCFMA113114TENP DA7A CAFt CUT CF CRrrA wn.I3



hIT (NWI! OI 3
230 CC 240 L=KIK2

JF(L7(L).LT.ALTK) GC IC 24C

2d.0 CCWTINUE

9 J" HA AtT. NOT FCUNC CN TEM4P 13ATA CARCS)

M6 CALL INTEWF4ALT9S1CRE,KcSEI,2,1)l
1d2IE69f1 Wjii ,ICCNC~jq)qlz,1GAS), T(.i, : 1,201)
ICAS=IGA 5-1
CC 331 I1=iIGAS

Z10 FcFMAT 9h22)(, 13,12,1XF.2eX9 Wl (f 43X
CC 311 J=i925
IFfTYfE.EC. t*TATY(J)l GC IC Z12

!11 CCNTINUE
WRITE (Nl, 370)

!70 FC MA7(3IF!I- GAS IS NCT LISTEC IN TIE PROGRAV)
C S7CP 1

!12 NSFP= 9NcFlzN EV

A*SS(NSF)=AMAS
CCEXT (NSFI=CEXT

SN-F C*2 ~AD(N9320) (rC2 t!,l),CC2(I,2)qI=1,te)
320 FCFMA7 (EUF5o2,F8.211

IF(NSF.EC;.3lFEAD(tF,32Cl (WATVAf11,1) ,WATVA(T,2)qIi1,18)

ILFVL=O
CC 312 T.=19NLEV
ILEVL-ILE%.L41

IF(NSF EG.j . S) GC TC 14
IFITE (NW ,3'.C) NSP

14 0 FCR14AT(6IdTIE COCE CN WFE DATA CCES NOT AGREE IATTI TFE FIRST CARO

314. IF(ILEVL.*EG*JLEVEL) GC 7C 713
WFITE (NW,35C) NSFF ELN IGSNol3

!50 FCRMAT(42 TI-EFF IS 9 CIFE CUT CF ELNEI D C,3
r STCP ?

31! CCNTIIE
ILEVL=0
CC 31f IJ=1,NEAN
i LFV LILEVL9I
REAO(NR.36b)tCi.ttsp)LEU(IJ,NSP),STR(lJNSF),PSFLUX(IJNSP),

i IF 1.hCFpJ J= jgl'gj~p)
2.60 46310112!E,031P -9IC f2

3167 FORMAT (2TEIPE11.I.,217,IX,4ME

'.22 IF(ILEVL.EC.JLEVEL) GC 7C 316
IbRITE (NI',350) NSF

c s1CR 5
'-1I CCNTINUE
!31 CCNTIV'UE

REAC (9Rq !el CH4EFL
A30 READIN t ) Ir-AS 9NLI7E

I F G AS.oE(],CV STOP

14 (NP 93 OTEN
W EINP,37e) (CC9(NZoIGAS) ,792~,01)

WRITE(NP,36C) IGAS ,NLTE
91EV = LEVELfIGO.)

2 ,COF)T(IGAS)vC0EXE(IGfS)
33S IFCPMAT(4DEE'Y(T2,3)(,2!X,FE.2,4X,2(E12e*,

3 X) )
0 CPI~a 1'f,=3 618)L~t(IJ,GS),LrC(IJIGAS)C(IJIGAS)ve(IJIGDSI

!81 CCNTINUE 3~4



!82 CONTINUE
9L (IA ,JALT lDI

IF( IG S*Nfe.U 017 C83CS
hRITE(6,!78) CHEML
GC TO 830

ENC

SLSROLTIt.E INTFRFf0LTSTCREqKSFT9MOOEIT)

M 64Ch C C 219921 2)
I TC TGEN (2 t(1)
Jzj
A=60

8 CC 11C Kzi,(IET
10 IF(A-ALTMIMec20,20
20 GC TC M9(40 MOCE
30 ~CNCfig hS7CkE(K)

40 7(J)=ST0FE(K)
50 IF(K.LT.K(SET) GO 7C 60

RETUR I
ED IF(J.CE.C1) GO TO 7C

70 STll
GC TO III

iCtPC(jI)=STCR iK-1)4FFIN(STCPE(K)-STCRE(X-1fl

IF(J.GT.CI) GO TO S2

92 A
GC TC 10

100 7Tj5=TOcEKI-1+F;'PSTCFEK-TCRE(K-1))
GC TO 91

1 10 j=J+i
120 CCN I UE

RETUR ~
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FgCGRflP PNAF fTAFE2=It!ETDFF4:l06,TPE3,OUTFUT=i0![
2 ,TAF E6=CL I. FLi)

c TI-IS 1' 0 PCCIFIEC VE~eICN CF CECG'S SLPPUT!PNE 3AWRflE
C LOST CHANC~E A~ 3C. 197e

CPEN !CN FCWE (4 0 4c TC(4)
C P~EN! N CFA (4 1
CIPFNSIC ' Lsr (Lai LCC(4-C ILOL:(4'01,LeC(40)
CENSICN IAyE(401 ST(09V4)OCL~fa)FQ(0

NE I EN~ KAOD 1

CC?'MCt' /CCL/ TVSIC.(2f1)sVTSIGf2Ci),Vd.SIG(20i),VVCESIC(?0I)
2 ,VVN'Slr,(2C1) "'VRSIG (2( 1)
CC'HMCt /CFtA At ttL!,t'LE ELg,'PAtNfl7FACKP(4C),EA(L.0),CUF(LC)
2 ,GCChN(40),TTUP(LC),TT[CWN(4C),LFSTA(401,COW'(40) ,TTI-(2CI,40)

!CrCNC(2t1),CI'EML(201)
ECLIVtLEt'CF (TFLL)',GLP)q,(SFLU),GCCWK,)
ECLTVALEt'CE (TT~,Et'C1lL), (TTP,ENCPAC)

;7C. IV LEN ~E ( .F~ C ClhN),(CNTCT(l),TI(1 I
ZFAC=1.0

c READ IN TENMFFATUFE ANC PCLECLLAF PRCFILE
READ(2,37t) T MP
WFTTE (49 ?78 rfP
READt2,37PI CENTCl
REtAD(2 37e) CCNC

77f FCFMA IiIFEE1?.4)
C READ N V.ICIU GAS ANC CCKCITIC' (LT F=3 NIGHT, NLTE=4 CAY)

FEAO( 297EB) IGAS,t'LTE
WFITE(. '(p), JGAS'LTE

r, NCTE I It CC13 TS T(c~ IN THIS FPCIGFAV
C READ IN LEVEt TNFC

FEA 3Q (XT K:Kl14),NEF ,NePNC6FZ-,CC CTEXE
FCJMi K=. 0) FF ,IA pXd( iF

CC I I=i9NLEVEL
REAQ(2,3E') LSCtT)qLCC IT)qh\VF(T) ,9VQ()

CC 2 Iit,NEANC
2 REAQ(2,3Ee) LEC(I ) LEL (1) S~TR (T),SFLLY (1),9TFLL (I)

READ(Wit) 4NALT OL

r)c FCRMAI(6E 12.4)
C THIS SECTIC' rCFFL7ECS PCPLLtTICK CF VIPRATIT0AL LEVFLS.
C CCMPUIE TI-ERFAL. rCrLLAI1ICN

CC 13C N7 =1, NALI
CUM 0 .0
PP T E PF(N Z)

CC itC NL NLEVEL
YYN MCC(LSb!NL)/ID,1t)

AA EXF(-1.L387h'PVE(.L)/IPvF)*XYN
WIBFCF(t'ZpNL) =O

110 tCNTINU
SUM =SLP 4 1.0
GNSIE(t'l) =CCNC(N2)/SL'

120 CCNT INUE
130 CcN!NUE

C FIND LEVEL CCUPLFC NITI- NITFOCEK
DC 13! NI 2 , NILFVEL

IF fLCC0tL) .Ff), 1) VVsVE 2t3l.- I4AVEMN)
IF (LCC(NLI .EC, 2) MVAVE 1556.4 - WAVE(NLI
F~rC 2331.0
IF (LCC (tNL ,EQ, 2 F Of ISSE .4

11! CCNTINUF
IFfNLTE.EC .) GO TC i7C

C F IND COLLISICN EXCITgTTCN ANC CE-EYCITATICK CCUPS
C EAtC,NZ =EINAI
tEMFI3 FWP(ALOC(TEl0,FKZ)/!.r)
IF fIGAS.EC. 3) CC TC 136i
IF I jAS*NE.62) GO TC 140

I + EOG7E-I14*EXP( 5027/TEI.P1!)36



U ( I u t-1~ 4N7 a1~1~P~.~TfP

GO TC 1!0
13f FONTINUE

UaTSIC(N2) =5. 37E-1iCEWP(-70oC/TEMPi3)

140 CONTINU~
VYSIGINZ) =CDEYi A
IVN!GWN) =CDENE 4
VRCIGti) = VVNEIC(NZ)eEXP(.l.*438C/TEFN)'VVNAVE)150 CNT'INUE

IVSIC(NZ) =VTSIG(NZ)/GNCSTE(NZ)'VIEPCPINZ.2?)
TSM~N2) =VT' 0 IC(NZ1:t NTOTfNZ)
VST (N7) =TVtYC(NZ) TENTCT(NZI

INNV = EPF(NZI
IF (ItTE .LT, 5) GO 7C 15*4
IF 047 ,CTe *41 *AD. N2 .L7. F1) TNNV zTEtfPf47)4FLCATfNZ-41)

IF (NZ GE, 51) TNNV =3CCO.0
15*4 CONTINUE

dVN g(NRz) CG 1!'89;ATN V)
vv N R =X VVN IN) NTCT(NZ)4FACTOR/(1.C + FACTCR)
%VRSIG(N21 VP5IG(h2)4CFNCT(7)/f1.0 4 FACTOR)

160 CCONTINUE
C CCMP E VIEFCP F PE'F=180

UM =10.

CC 162 NI 29 NIEVEL

X= ft3 CW Vi%)TtP-
VT F0(N , Nt)
SUM =SLM *4A

162 CNTIN~E 1.

GNOSJEfNZ) =CCNC(NZ),tLjP
CC 164 NL =2, NIEVEL
iIPFCF4NZ,KI) =CCC(hZ)*VTP*FCP(NZphI)/SUf'

tEl, CCNT!NUE
16( CCNTINUE
170 CCNTINUE

C ~MPL1E JFTICAL i

NC LEC(N?)
NI =o(E/tolo
NV M40CNEC9i00)

WO(NE) z 1CF (L UfN )911f
7%4AVE = 1%AE(N1I) - )AVE(NF)
Et4MAM(t6) = .OE4*4/T' OVE
IF (TF LL (NEI gEC.

I599c7E4*6ThAV XF 4, 7*TVE/TEMPFU) 1.()
XYM =MCE(LSC(NF)/10,IC)

XIMM = C(LcfNI1/1C 10)
EA(NE) = T(Ne)92.8iSN*CLAPINE)"*2*XYM
I EXF(1 77*AV(F/S6C/~4
FCWEC(NE) z1. S8Qf5E-2C/ECLtV'Ne)
CFAC(R) 3 72E-;TFNe)*ENCLAMhe)*2
I *XF(1*.067 *WA , 9N) /206.0C)
(UP (Nn) =F AC(NE~ PULLY0(Nv1?.L6L

GCOWN(NE1 = (FACfNE OLX(N[)
IF (NLTF gT. 4*. COWN (NB) 20.0RSN =KE(E
KIN =KLINE)

E'%N=BY(1 )
ENS = ENCLAM(NBI
FA C(N8)= FCWER(Ne1*EA (Ne)

18 SN8 = S7R(N!)*EYF(.4"e7S*bAVF(NF)/29E.0)
CC 18C N2? I NALT

IF WFITE eGT,6i) GCLIC IIT

INOIC( -PNI =VTEFF(Nghl*FA



F QLT F .EO. 1) GO 7C 900
ITMAX a

IF (IGAS. EQ .2) I TMO zl:1

C RT 09 EALANCE LCCF
181 ITER = IIER 4 1

114Th = PAL7
CC 190 Ne =1I NB INC

C LCK C TENC7 U AN it7I- A RE~IVALENT
THL3SIIIF(EN1OTAU( 1,Ne) ,1. 0E4f,U

CC 182 N7:2,NWIN

'7 HNZ=SiPF(eNCTAU (NZNNE ,i.eC4!),2)
T7H( NZ, NIB) =TTHL
T7HL=ITHNZ

182 CCNTIIUEyIH N14IN ,E)=TTHL
SUP=c
IF(NLYE*LE.3) GO 7C 1eE
CC 184. N211 N41N

IPP(8 q:C.CTPN9N*

CCNN(NBI :xSLtl

200 CCNTINUE
C NIAL SHOLLC Be A FCWEF CF TUC

W ITE(31(0 C)
lOCO FCOMAT(O VIEFOP '

to~q N IT(39,W) I±BpOF (NZ, Ni),NL=1,NLVJL)W6TE 698) (VIBP0F(1.KL) 9N =,NLEVEL1
WFITE(6.8'P (VI9POF(32,Nt),NL=1,NLEVEL)
hFI TE.3z1CC

ICC!. FCRMT NA NAN*F KI)sE((

WrITE(3,'Jp(ge(Nej ,N21=,'EANC)

0O TC (21(.,220o2.IC,24C925C92(O,260), IGAS
210 CONTINUE

C-0 TC 350
;20 CCNT INUE

CILL UALZftC2,NIAL,AC,%I2)
GO TC 3!C

230 CCNTINUE
CtLL CAL?(12CNIALvACVIFP

Cc C 3EC
24.0 crNwTINUE

CALL CAWjFO ,NIAL ,ACVIE)

250 CCN~iNUE
GO TC 3SC

2EO CONTINUE
C~bL A fC3,NIALIC~VIE)

!50 CCNTINUE
rCC 6 Nkj NBtIC
NF 'ECt,I0)
KN

XEN KE(NF)
E',N=B% (1)I

= J;~e*X4iA?AX(KLNKNFRIV2EM!NZNCSB

89"' = 1,P(jC 3 6 0 Ni = Is NALT 3

400 CCNTINUE



SICP8 FCPMAT (IFOE1?.41
ENO

SLPFOLTItE C817fG1S, NIa.LACVIE)
C TIIS SUBACLTINE CfLCULA S VIE rCP FCF A GIVEN GAS AT ALL ALTITUCES

CI~rNSICN VIE (40,"' t:)
2 G)rvT Up (LI TI W'CCL t OWN 149),110

! ,CCNC(201),CHEML (201) -',£0

EYTERNAL GAS
WRITE(6,9) NZ,NIALAC

IC C L CALVIE (GASN2,NTAL,NEXIgaf,9VlQ)
* N2=2*hIAL4NZ

NI AL= X7 .
I F((N7*2'rKEXr).GT.NALT) NIAL=(NALT-N2) /2
IF(NIALLE.C) PETIRN

GC TO 10
END

c L RCLTIjECAkLVIp(~,zStTNTfLfNFXAVIF)
r. WS-U FCL T E CLCLLM S VIE CPFCRTMRE ALTICUDES AND TNTERPCLA
C BETWEEN I7-E ENn PCINTS IC CHECK ACCURACY AND rf-ANGFS THE ALTICEE
C INTERAL I F NFCES117RY
r NCTE1 UPS 78 DCWN,7tIUF 71C OWN UCT BE SET PEFCFE CALLTNG THTS *CLTINE

CIMEN-IO0 V P2(4O,!)9AfNL IIC)
CCMMCN %IEFCF(20192S)
CCFIICN /CFCtITA/ NALT NLEVFLNBANCZFA( KR(40) EA(40) GUF(40)

EXTERNAL GAS
IRITE( 91CC) NZTNA EXT AC

ICC FCRMAI(* CALVIB U W9 NfS7=*,I5v* NIAL=,vIS,' KEX=',I5
2 P* AC=*,F5o7)
IF (NZST. EG.iI CALL GAS(VIe(I,!) ,NZSTI

CALL TfSET(KZSTNIAL,1)
NZ=NZST. N At,
E ALL GAS (VTEeu2) ,NZ)AL TSE7(N7,NIAL,2)

CALL GAS EVIE(I,31,NZ)

So IFCKINTERf VALUES
EC 30 NL=19NLEVEL
AINL (NL) =APS(ABS (VIE (NL ijj4VIIF NL93) ).5-Aes (VIB (NL, 2))

30 SLM=AINL (NL)*SUM
T:ESUP/(MAT(LEVEL))

15C FCPMA7(* ATEST=*qF10.3)

C i A U E~A~ P 4 E fF POSSIELE

RT=FLCAT (NIAL)/..
jlj 4(NT.NE;I)GO 7C SC

CC 40 NL:INLEVEL.
40 V IE (NL93 ) -V IE (NL , 2

CALL ITSfW (ZSTNIALI)
N2=NZST.N IAL
CALL GAS(VI0(1,2),NZ)
GC TO -20

C CC OUADRATIC FIT

STEFP~NA~ 2N~ 2ST~ EPNLv2STEPTfP2
CC 60 NLZ1,hEVEL
AFIT=(VI E9)HNq!2 %I(I9cN/T
E IT= (V I (N - V (NL ,1) /TEC

* CFIT=VIEINLW~
XP'IONZS74NIAL

C q NN -NZL

rC THE VIS FCF IN VIF(!,J) IS LCC CF OENSITY
60 VISPOF(N?7,L)zEXP((AFITY4EFIT)*X*CFIT)

C RESET UPS7A OWN 3CALL 7TSFTA(A71T*;P'vNTAL oi 3



tC 70 'N8:t,NFANC
UFSTA (NB )=77UF(NR)

?NEYT=NIALI
c i-AS SAFTV FArTOR ICAINS CSCILOTICN CF 2.

RETURN~
t ENC

C SLPPCLTI E ITSET (IZST NIALg vCCI
r MCCil IS TAL FROM UFSIA ANL CCWN

r mCr=? TAL FFCP TTLF ANE 1TflcwN
CCMMCN iCFCaTA/ tt TNLEVELqtEACZFACKE'(40),EA (401 9CM40)

2 qr-DCW~(4c)TUP(LC, 7~ CCWN(4t), LP-TA( 40) r-OWN (40 T7- (20t,40O)
3 ,CONC(201),9CIEPL 120i)
IF(t4Ct.NE.1. Go TC 20
CC J0 N8: = KANC
TTUF (NR) LI!ST.(N0I

IC TTOOWI(NE)=tCWN(NE)
2C N7F>=NZST 4NIAL-1

CC 30 N?:t',7?T N7F

T7UP(KSI) =TTLP (NBI 474
3C 77DOWh(NF)=7TCOWNtIE)IlA

RETURN'

FUNCTION Ft'dNZN US t'ES)
C NLS IS TH- NUIBE R CF IHE LEVEL, NPS IS THE NL't"E CF *YI-E BAND

Cjt'ENSICt' fNCSTE(2C1)
cYtO VI 3FCF(201 2S)
FCPtMCt" /CFCPIA/ NUT t.EJLtAC7FAC KB(l.0) EA(L40),CL'F(40)

2 ,G[)ChN(Lg3)vliuP 4 i), ,i[C(WN.('() ,UF TA f45I,COV4 1 JTTI'(2C1,40)
! jCCNC(201)qCHE 0L (201)

EGUIN4ALENCF (GNC!E(1) ,VI0FCFfi'i))
FT FUN=
1 (XFER( %IBFOP(i1, LS) 1, tH 1NFS) ,N7, 1, 1,KB(NES ))
2 4 XFER(V!EFOP(NZNLE,TT(N7NES)t'ALT,NZq2,KB(NES)i)'EA(NBS)
3 +GDCWN(NFS)l'SM1(P(NrS) 7F9(*TTCCWt'fKRS))
4 *GUF(NES)*SN12(ttE(NES) ,fiTUF (NPS)I
RETURN~
Et'C

SLFOCLTIIE CC2(VIT NZI

CCFMCt' ICCL/ TV I C z01 VTSI.C(201) VVUSIS(20i) qVVDSIc(201)
2 ,VVN!IGf2Cl),VVRSIG(2Cl)
cc(tMCIN 0EFCF(2Cl,2F)

CC/C r FEh A/ VE N FAC Ke (401 IA(I ;4j F' 0)

! CONC(2CII CHEtlL 2011
ECU T VALFN'E (GNRS E(1),VT EFCF(i lf

2 ~~N *~~1  ~ 4 RTFUh(NZP,S))
7S=TUSIG(KZ)

&TS =VTSIC-tN7)
FnP3 =VIU 053FOP4 =V F 14
FCP7 = IEFOP(NZo7P
FOP? = TVS + RIFUN(P7,2F 1) )GNlCSE(KZ)

2 * FCP;:E( Vic 14- P4vfA0) +*~f
3 + FCF FA /(V S A(1) +

'WIPI (2) =ALOCG(POF2)
FOP8 =VIPFCF(NZ e)
FCP7 = Y*.14GF7*c 2~M TU1)

1 * GCOW' )SIPE7,TCR())FF
2 4 lEA(.8)FCP8 4 Etu15)*VI8FCF(Nzqq) + EA(16)'I8IFCP(N792G))
3 oEPCP 4 YT80

v E77=OCG P P7)

FCP6 'VBFCF(N? 1
FOP! IFf*O 7S4 GtUP(2)*SN12(KE(2),TTLP(2))

1 # GrOW (2)1MIE2 I TrCN(2)l) * FCF5*(EA(4) * VTSI
4*AIF0% 4 EAO1)*IEFFCN9q 4EA14VIFN'll
/(EI(2) # VTS # TVS)

Vl W1 CG(FOP3

2 + FCP6*IEA(G) * VTS)W/EWI) 4 VTS 4 TVS) 4



CF., ( GLPM4)-N12(KE(IdTTUF(4)1

1 * GCOWhM*,SNI(KS(4),ITCOWN(4M)

IE(S)= DLCG(POP5)

%IBI(I)=LCC((VIeFcF(Nz,)*(%VNSIG(N7) 4 TFMNN7,Ifl!I)

I + VI6FCF(N2,3)*PTFUK?'ZqiC,14) * GK(STFfNZl*FTFUK(hZ-PlC912))
2 /(VIJRSIG(NZ5 4 FA(121 * EA(14) 0 EM(EM)

%T8WB~) = FCNCj(NZ) -(FOP8 4F0P6 + POP5 + POP? + POP~4

IF (VIBIMi ,LE. 0,C) VIPIfi) O.OS05CCNC(NZ)

VIPI( 1)=ALCG(VIPI (1)
RETURN

E ,

SLERotuTIE I'2C (VTEI N~Z)
CII"ENSIOtN VIE! (40 IW.NCSTF(2C1)
CCPMCK IIEPCP(20192!)
CCI',ht /CCLJ TVSIC(2Ci),VT'zIC(201),VVUSIG-(20i),VVDSIC.(201)

2 9VVNEIG (2C01) 9VVRSI 2(1)
CttCPMNt CPAA LJ,NLEVFL,FPNCZFiK10,EA(40,gUF(401
2 ,GCChN( I0) ,TTUP(11 C ,TICCfrN(4(IUPSTA(4O) ,COWI (40) ,TTIJ(2CIeO0)
a ?COC (2 ) CEPML21

1 4 RTFUN(K7,2,jl))vGNCSTEUNZ) *'IEFCF(NZ,3)*EAf5)1
2i f 4 VNSI (ND
I + RIFUN(h7,3,5))*VIEFCF(NZ,2) 4
2 FTFLN(IKZ3,2l*GNtSTEU Z) 4VIPFCP(KZ,)*EA(i1))

M ( (2) 4 EA( 5) 4 VTSIG(NZ) 4 VVNSIGANZ) I)
%jISR1l) LCC( (RTFLNIIZ 4;3)*CKCST(?)
14 RFUN(tNZ,496)'fNCSTAt71M/EA(3 * EACE)))

4 *TFtII7,7)'VI831CPftNZ,2)1/(EA(.) 4 EA(71))

4 EA(J18))

VTB1 (g)--AL r-RT UN(N;,8,i0'vV EFOP(NZ,2)
1 4 R1FUH(N2,8,14)*GNC!TE(N?))/(EA(IC) + 9 (4
VlItI()=ILCC(CONC(.Z)-(VIEFCFtN7 l).lVILPPCP(NZ 7) 4VIFPFCF(NZ,6)

ENC
SLfRCLTI E RNC(VIe!INZ)

CCPMCK %IE:F( 20a1, 2S)
CCP'MC . / Ci / TV)Vl~TSI(?IG,1.USI(20)VVSI(2011

2r IVYI sxVV 1
b. ChMC% iCvrA A/ NALI,NLEVEL,? EANC,7FAC,Ke40),EA(40)CUF(.U)

2 .r;DCbN(IC) ,TTUP(&t),TICCWN(Zl4CIUPSTt40hCOhN (40) ,TTIJ (2CI,40)
3 1COINC(201) CHEM4L(201)

1 * GLP(ll*Sl,42KE( ),JrF11l 6
1 4 ()FEF(VIqPOP(1,2jqI,1(1,1)iK2x.1 1,K(1))
3 * XFER(V E~P P(N? el( 1 l IIN, $jfU))KE(1E )
1. 4 C-COWN (H*_M1(K( 1 ifENZ
S * IEAM! 4 VTSXC(KZ))jfVIpFCF(NZ,3) 4 2*0OCHEwL(NZl)
6 /(ED(1 4 VTSIGOtZ) 4 VVPS!C(N21 + TVSIG(NZ) )

I * GLP(3)SN12(Kf(1),TILFt3)
2 * GLP(2)*'SNi9'(KE(2) IILF(21)

5 f 2.f*CIEL(NZ))/(EA(2) # EOM3 + IVSIC-(NZ)5)

0 VI6I(I)ALCG(CONC(KZ) -VIeFCF(NZ,?) -VIlRPOF(N7,!)) 4



FETURPN

C SIBRCLTIItE. j(V I I NdZJ.
CIMENSIO# V 13(40 ,-hC5IE(201)
CCtgMCk VIEFCP(20192!)
CCP"Ch /CCLI TVSI (201) VTS!Cf2CI),VVUSIC(201IVVOSIG(201)
2 NShIG (2F ty V..i 2C1
CaUCh iCF AIA L ,iEVFL, EANC,ZFAC,K(40IE(40)GLF(.@1
2 ,GDChiN(IkC)977UP(AC) ,TTCCWN(41),UPST(L.C)gCOWN~(40).TTI-(2CI94O)
3 CONC(201) CHIEML(2011

fffillf ' tiVIFFCF~,f h

3 4 )FERIVIEFCP(NZ 2)11HW71),thILT.N2 2,KB(1)))*EA(i)
iq * GtOW(11*SM(d(1),rTCWN(1l)*GCSTE(NZ) C
5 /(VTSIC(NZ) + E(1)l 4 VVFSICfNZ)))

n
TURN~

EtNC

FLNCIICN YFFRAe (RtTIPNr qEeK,
CCMMCN VIFFCP M9Ci25) ,TPtC,,B
CTME#NSICh FAC(1611,ITI.(1611
WTT=~ TCF -NFCT

IF (1NIN . _GT. 0) GC IC 100
XFER = C.0
FETLFN

ICU 5NTINU
=B I

FA3 = 0 c
IF (K eeT. 1) GC TC MC

NF=NTCF
FFAC =VIfFCF(NFqlRAE(KFl

SM 0,54R
CC 17C N2 1, NICT

N~Y =NIINT -NZ * 1
TM TTM-(NY)
79 TB 4 IM

EI C! (KB StTE)
N= NF - I

f;E = RFfC*FAC(NYl/VIeFCF(NFqI)
SLM =SIT' * (RO - RAI*(EL33 - EA3)/T'
FA=Q
EA3z E

120 CCNTINUE
YFER = OES(Sm - FE*SN~12(Kf?,1E))/'RFOC
FFT UFN

2Ce C CN INU E
NF = NBCT
rtFAC =VIBeFCP(NFI1/Rrt(I)
CLM 0 5RA

CC 22=C N: 2., NPL
TM =TTI-(NZ - 1)

T8 = TB 4 7M

~ z~ La!(KPTe)
F= RFAC*RAC(W7l/VTEFCF(NFipl)
CM= 4 (08 )'W(EP3 - EA3)/TP

EA3 z F?
120 CCNTINUE

.1 NFER = OPF'(SUM -FgvcSI12(KRTE)/RFAC

'4 EETUFN
END

FLrCN!O(v~~
CCMPUTE CKE-tPALF TI'E VOLUE CF 'HF FUNCTICN! L SLB NCUG147 THREE,

C k' EC. 1,9 PARALLEL EANC
K .EC* 2, FERPENDICULAR EANC

T = 0$S(TALI
IF (I .EC. C.0) CC IC 300 ~42
TF 1w C~F. 71 r.r Tr~ 1t'f



IF (I CT1. 1.0 GC IC 110
X (T - 0') 2

SL03 = I M'.S83E-4 *X - 16.OW.E- !)*X - 0*1027223) *X
1 4 A 12~flAC-I* * (s.4!,5C:R)*T

110 CONTINUE
IF I .01. 1..0) CC 7C 120

SLO3 = 1 I.EEE-L - 3.S EE-1.*x)*X - 1.01.E4E-',)*y
I + 2. ;6 18F-?*X - 7.9EizqE-7)x*X +O.021(35C2)")
2 - C,062FSS0)*X 4 O~tjc7O2avT

rETUrN
120 CFNTINUE

IIT FT0. 10.0) GC IC 1312
X = (T - 7.0)/3.C
!LO3 = 4(U.&5L.X- 4.99S1E-1.)*X + 0.Ci13772)*y

I c G00Z34Lc 3e) *X 4 0. f10CCqe1V )X - CoG30qD77.)*X
2 * (.1D8E302)*T

OZETUFN
130 CCNTINUE

IF (I CT1. 100.0) GO IC 11.0
X= c.22C13'C37197E/Y - *

SL0R =f((~q7-S- S.78E -5*Y)*Y 4 2.1.5eE-4)'X
1 0 0. CO128!8) * C .0 40 2l7) NX 4 0 o ?21043 t) *Y

9ETUFN
14.0 CCNTINUE

IF (Q .01. 1100.02 GC IC 1512
V= -27. (3 102115S !V - 5 . C

SLO. = ((U(8.3E-E - 2.CiE-!*Y)*X -o4E4*

1 + C.C12S3tC)j* 4 C.Z?2C!& 1 . )*Y
FETUFN

150 CONTINUE
X = 3. ESS0557SEfY - 1.12
SL03 = (M ((.3SEE-I.*Y - 1C.Ct15P3e)*X + 0.0I3163019)'X

I C;21)* - C.C(27757)*X 4 O.C30134i)*Y
FFTL9N

2120 CCNTINtJE
IF IT G.01..0) GC IC 210

IT( - C 5*jth*L03 = (I~ 1 OE. X6 _ L.0cSF-3)*X - OoOP80ef5l*X
i * C.09714C7361 4 ALEGIT)'41 + t.4161293)'T

FETURN
210 CONTINUE

IF IT *FTI. 4..C) GC IC 220
X= IT - 2*5)/i.S

SL03 =(((f(((5.C4E-1 - 2o7S4E-4*Y)*X - E.OEc.E-4)*X

1, 222t4E-!)*X - E. 5i'.t-'14 4 u. uI972301)
2 C 06'It~f2)*X 4 0.2 C7131)vI

FiTUNN '
220 CONTINUE 10) GCC23

IF (T C. 10.)GI 3
X = IT - 7.0/3.!
SL03 =(((I(((147fE-4*y - 4.2SlF-4)*X # 1.0172E-3)*Y

I -3.3 (E-')X *0.01C75SW.)X - 0ot3c6259)fX
2 1~T3 C3 40)*T

230 CONTINUE
A LOC(1)

IF (To CT1 100.01 CC 70 21.0
X s iC10317/
103 ((((.1.E-4 - 19.1!lE-'.*X *3.79E-S)'X)*X

1* 7.7qE-S)*X * S.si4E-!)vY - 0.0022[6C)#X
2 * 0.0!Z30e9)*X 4 Go4.1?7941)fY

FETUFN
21.0 CCN1'INUE ~ G C21

IF 17 .G1. OD*)GCT25
X= 27o(Z1C2J11!C3/Y *50

S103 = (((1.Fr-E-S!X - 'ElA2F-WYX 0*0111.7E7)*X
1 + 0 .370(1C8S)*Y

FETURN
50CCNT INUIE

9-103 - *Ro4dJ2E-4*X)*X - M.41.1E-1*X'
1 + q.ajSV ,w -!.17cE-3* 0.02359871'X

SL0" = Co0
PETU~N 43

END



FUNr TIC Nt12 (KqTAL)

IF 0I EC* C.C) CC TC !CO
IF (1( o(To 1) GC TO 2CC
IF (1 * rTo 1.f') CC TC l1iC

2- 0.*1 2E42L 4. + .ClSF E4*ALCC(T) )*T +1.011t.5)
FFTUFN

10CCNTINUE
IF (T . C-. 4.C) GO TC 12C

N = (T ?. )/1
EN12 = fI(( 3. r.ECtF-Z - i.4146UE-!'vX)*X - ?4CcF7*

1 4 q *48 3EE-3)*y - C.C27C4LC7)*X + O.C230MA)V'
2 - 0.t04Ece4~)*X 4 9.1eF274!)*CsE

IETUFN
* ~120 JCNTINUE tC0 C~ ~

Y (T - 71 7
!N2=(((4(((5.[8470E-4. - 1q9Cle1E-44X)*Y - C7c)E4*

4 2.2427dE-Y)*)X - E4;8?*x+ C*9129CR04i~i
-0.02C7qC75)*X 4 Cf527*q

FFTUgZN
1 1 CCNTINUE

IF (T.Glo 100.0) GC IC 14.0
LOC(T)

Y= C.21tUL037197F/Y -?.

SN12 =((UU( 7.EEE-fLNX - 1.511el-D)NX+ .194)(
1I E.L9FE-41dX - i*C672E-7) * + .014(?IE4)*X

2 C.,3;e273)*0.E/T

Y L T
) = .2lC340Z!?i97E/Y - I.C
SK'12 = ((((F.C74(E-? - L4.6e81F4*Y)dX - 1.584PE-3)*X

1 4 C.01L7E2F)*X 4 * Cq74'0.
FETURN

200 CCNTINUE
IF (I .CT. 1.C) CC TC 210
T = 2r-.C72l~ieS*T
SNI? =(UU(((2.7!E-1E*T - 6.tP372E-1td*T + 1.531LE-i1)*T
I 3.79E73E-S)*T 4 7.Cf18fE-j)*T - 1.(E1lq4E-&)*T

2 - 0.06rEL,!3 + 0.0i4qAe4*LCC(7))*T4 .)t5
CETURN

2 10 (CNT INUF
II .GT. 4.0) GO TC 220

Y= (T-
- 0.1 (U((((2?2E-3 - 11243E-3X)*X - 3*0L4eqE-7)#)e

2 C 1 IEC)*X 4 C. FCO~ *C.
FETUR1N

JFNT{NUF1  GC IC 23C
X=(T- .6)Ao

'N12 (((f((4.7ZlE-4*Y - i.Z45cE-31*X 4 2.5?E3E- ) v)X
1 - .7323E-.3)*X 4 .C17L476S)#Y -C.C421447')'Y

*2 + 0.Cc3!f1l)*0.s
FET URN

Z 3 n CCNTINUE
IF (T .CTo ICnOO) GO TC 24C

* V ALOG(T)
SN1 2  ((1 EX -1 O E-3)*X -1.80F'9F-2)*X

1 O.q2r-!129)-X 4 C.E3S?5S14)-C.S/T
FFTUFN

400 CCNTINUE
Y M T

Y .ETU6?1'f/Y- .



FUNC710t IAIMAX (KL,KE,Ft,,T,,FLAMSDEN)

fETUFN
END

FUNCIIC SJMAY (KLKEqSIG)

J#MX ~FUTIIMN l TIA {IC'ZREGTH OF THE STRONGEST LINE

I's2 1: 'IGM ANt
GC0 T C ( I10 912 0 913C)1, K E

11g CNTINUE 1~JM C., (SCRTI 2s 4. 0/SIC) -15

GO TC 20C
120 CCNTINUE

I JM =0*5'P(SCRT(2.Q/STG) - bsC)
= NJ 4 I.C

GO TC 20C
130 CCNTINUE

cJNAY( C40
AETURN

200 CCNTINUE
cJN AvEXF(-S 4TJM4(T~il 4 1.0))
tJMAY = SJP/ J AFT(K L SIG)
FETUFN
END

FUNCTI? C4jFAPT,(KCII
GJP RT CPPUTf- IA~F CTATICt AL FARIITICN FUNCTION. FCR 0

C FIG!!) FCIIaTC0 SIG .LE* 0.2.
K =, It BL LEVELS FCPULDTEC
K = 2, EVEN 1. VjIS FCFL'LAT C

r K =3, CCC L I L FC FLLA C

IF MG r . 021 (0!'5~I * O27iC3I71

10CCNTINUE
CJ;PAFT = ((00!E(2A5*IG 0 2Fle57.*

t 0.06E7E6 2077)*SIC4 .!!-3. ~9~.567)/S+IG 3C00C1)/

10CNTINUE

I- .45C 36C ! 4 C. r'9".72 0 a
2 c(ei2c7c7elq5 WSIC + 0.Cv3M5S0~a906)STC
+ G1E66EM2307)'SIG 4 05CCCCC000!lt6d/SIG

FETUFN
13 ENXD YE

9ETU9N

110 CONTINUE
cIMF Ie.fl*A(2) *5C A(3)l *F)H12.D

120 CCN INUEA()*£fH/.

.1 RETURN
END

I4



FUNCig Tlk (KOM)

IF 17 Er . CI ~() GC TC 300
IF (IC bGfo 2) GC TO 200
I F (7 T 7 6; 'G TC 110

M q~2.35 CE-CZ**X - 8*S'035E-O3l'X 2e5622'3E-(21*X
1-7*0'f?7E-O2)'X o I.f373SE-CI)4*C - 7*017I4qE-01)'X * 0.i.2686,

11c FN U17 00 CT 2
X = (T*- £00) O I 2
SP1 = ((f((5.922S7F-C~fx - i.790 4'3E-03)'X * '.95 109E-C3)X

I T 04 74E!?Il*t 4 2o.(1(CE-(2)*)X - E.Ol70EE-02 *X * 0,1l!4123

12t1 CCNTINUE
IF (T .CT. 1100.01 GC 7C 130

V ILOCtT)
X S*2h10!7197EK/Y - 3.0

Sil =((((((-6.2I.!lEE-CL*X - f.7S376E-(4IdX + ;.9859flE-0Z94X
I1 9l281SCE-03)*X - E*St7P'.E-C3l*X + 3*785904E-C2)*X

2FFTUN I-l
130 CONTINUE

)l fluIL1 Y-;41.0
EPA= M .M e vaX - 2.9?LO4E-(4)*#( - 1..36167F-04)0 X

11930C37E-C2)*X - 3.E008FE-CJ4)'X # 3*23'.I1E-02)*X
2 Set.?W0E-CI)I

200 C NINUE
IF (T *GT. 4.0) CC YC 210
X = (T - fl C c4 1StP = (f(((1.3q9CllE-03 "X - S.2qCo04E-E7)#X + 1.5824qE-02)*X

I 4.740',CE-02)*X , 1.2Fi7rV-Cll*Y - 2.PE!37E-Ct) 'X 4 0.!17573
I;ETURN

211 JkNTINU -T 10.0) GC IC 22C
X=(T -7.0)/3.t

SMt ( IU(3.764;CE-04vX - 1.2153P'eE-G3)*X + 3.§#tlE8E-(3!'x
I - 1.O53(0E-02)*)f + 3.C747EF-(2)*X - ?.i'7D5E-O?)*X 0 0~99413C8

FET FN
;20 CONTINUE

IF (T C-T. 100.n) GC IC 230
V = £OCMT

X 'S.21C3'037197E/Y - Z.0
S C = I(-7.5Sl.1E-C!*Y - e.P712'E-(3)X 6 .(21qE.2)*X

1 4 io30L24i1 )/T
Fr FN

230 (ONTi NV E
V L GL (T)-1.
X S.21C340MS?1C /Y *

700 CCNTINUE

FE;UFN

4 46



FROGF tl EFtKINT f CL7F I 'APEQITArE, 1*FE
Tlj fR2 EAtAST FAPT 6F CE .GS E(NC

CIFC&) LEL25 -T 12

CCPMC5. ,!FCFCCM/ VILEPCF(?CJl)

READ(4,3E21 IGAS,MLE
REAfl(I,310C (XTC1tK),K=1,4),t'LFVEL,NerNC,AMASS

3C FCrNMAT(4LE ,EX,?, 3X,I2 ,!Y,FE.?)

RIE (9M)NLEVEL~tED,t~DSTGS,NLTF, (XI0(K3,K=lId

8tCCN31 1 =NUNLVE

CC C2 IJ, I N J

!81 CCNTINUE

REAO(I.,1EO) IALT A0LT
FCRIT(29faE TALT,JALI

8 FCMALFSI,1)
I I FCR~PAT(1FEFl?.4)

CC 331 N2=1,~ AT
331 R11911,11!) I PF(Z L tL1tEVL

33 WFITE(39e) fVI3fCFfX2,INL) NL=I,NLEVFL)
CC 337 N2=1,IALT

11 READt4WeI) fTAU(X7,hN2),NE=1,%FANc)
jSET=N A C
CC 84C J=19,SET
NFC=LEC ( J)
N 1M0 C(N E C IQ 000, 0
CC 60E N2=19!At

700 FCRMA(I14A.18HEtNC NC.,I?!' 7PLA Ce 6 ?PTVrqC M,.X,4A(//)

IF (KLtE C-T, 1LCI
04 FCPMA(.CI. ASSUFFS LCCAL TH4EPIPCCYNAMIC ErUILIERU~'

705 WRITE(, 7C4)
CC TO 7

70E FCRMAT 12eH LACK CF TPJERIAL ECUIL109ILP T16/)
707 WRITE (6,706) NLTE
710 FCFMAil, EXOATPCSFHERIC VTEWItG $1----------------E N C

I C AITNMC S PH E RIC V IE WI NG------ -- -- -- -- --
7tF WRITE (6,710)
720 FCPMATtiEI, TON H$7 LIPE PAK~C FAC $1 ALTE-------- PANC RADI

14NCEF AS A FLNCTIO CF 2ENITH ANGLE (I'ATS/CM2-STER)--------

70WFITi (6,72 () DE )F ~
71FCFMq T(jli (m WAT/C25;R It K j c G-04Cf

1 40 0E 4C Et C:F
WRITE (6 ,7'eC) 8 F-4

740 FCRMAT (FS .0AlPEII,.L,,FFI2.0,LX ,IP7EI?.4)
KTAU = '1CC;L U(J), cI

XSET=IALI-I
CC 835 K-1,kSET '5
IF(K.CT.c1) tC TO 750

I GC TO 76C
750 H=,elI-~)#
7EQ Cl:HT4 617.

C Tf-Fa INi;O LCC l AKES 17 CMY CALCULATE V9LUES FCQ N CC

P~ I=K4 I
PIsANGL )01O74 !3!2S2

iTAU(L)2f.8
SLIA z &.0

SFAC(L)=4!*C
PDNC 'F 7



CC 79C MzHiMSFT
(M . T ;C4 C TO 7?C
TO 8

770
I ( P 'I C2- CS(PHI -AG

RANG=CS

ST UML)-TAU(N 4 CELTAU
ELIE = L1(KTAU9!1AL(L)
NADA = rqAC(1D1l)/7AU(V-1,J) 0
FACE = FAC(M/TAt(1vJ) 0
SFAC = (RAUC - ROCA / CELTAk;
ScAO(L) z -RA)(L) 4 SFACP(SL1A - SL1e)
SLIA = ELIE

7q0 AL=S7AL(L)
7qO FCNIIUE

SCAM() =SRADMI~ RAC[tLC(KTAJ,SAVTAU)
CIO CCNTItNUE

SAVTAL=0 .C
S7AU(7)=C.C

VFANG = C

Ce at- - 91SET
Lzt'SE-M 4X
IF(L.CT.C1) CC TO ell

F~h:;.PF71GO 7C 813

GC TO 81S
Ell CELS=(RA? C--S)'i.CE4t5

V MAC = RANG +CELS

ONGCS TU70

EE 06 = E 0LS*fT !'(L) aA(LIvl

F Dt= 9AC(L+1)/1AL(L41,pj)0
SFAC =(6'Ace - RtC8)/rELTAU
CRAC(B)C= S9AD(e) + SFAC*(SL~t SL1q)
ZLIA = - IE

EIS CiNTZW~E
rV1=K~i
RRKG=0. 0
I'SET=TAIL I

4 T.C 6if MxsI vv~SET
F( C. I CC TO t16

E17 C'C= O(II( 2to-D' I
N OIS ;RN)'i14'C

4 RAKG=CS

STAUM7 s SWIA(710 D ELTAU
SLIB SLIWKAUgSTAL7)
RADA = FOR v'-if 19t;(M; I, 9Aa

STOP 77AP L(q

CFAC~ ~ ~ ~ =~ (FC tAA/CL



11 FUNCTCN SLO (K, 100
T =AES (TAL)

IF (X .EO. 2) GC TC MC
IF (T CT. 4.teP (C TC -11
X = T 2.-
SLO ( (( . ai 10*X - C .C t1 lI* ?Y 4 GOqE837I T

1 0 0.02 L1EC) *X . 07S2SF3) vY - n. 2'v0C?. X+M ~ M *
FETUFN

11 QCNT *CT GC TC 1?C
X = (T - M E
SLO z MM0(.00(ClE"Y - C.(007254)*X * G.CC2397f)vX

I - 0 *CO C24.8 )X 4 .(?74PS51 X - 0. C9L2082)x * . 0 .3 !392?e 1T
FETUFN

12n~ CONTINUE
Y tLO C(T)
IF (T .CT. ICO.Cl GC IC 1!0

X S.21C?&0!7I97E/Y -3.
~L0 f(((C.00C~EC~ - .CC11530)*X - C.00C14S0C)fv

I + CnllCe34 .0CE*3CFC)'vx 4 f1.(R!7067)*X + I.t&lSS(4)#Y
RETURN

130 CCNT!NUE
= .210!LC!7I97E/f - 1.C

SLC = (fl(((f0*(714; - C.OCE222*X) 4 0.005211)*x
1 - OO~cE)*X -C.tC!L477)*Y 4 C.0077143)*X - C.Ol~qC0*X
2 a 012252E)*X *C.S4a111)*Y

F ETUN
200 CCNTINUE

IF (I CT7. 4,0) GC TC 21C
S=(T - O*

SLO = ((((((0.s8C2k~t*Y - C.C (ICSOI)*Y 4 C. CCL.130) (
I - f.0iFG7E4g)*X * C.C~elEci-y - 6. 01327C)*Y + G.71fP?-q44)*T
F ETURN
FO (CNT U 1C.0J) GC IC 22C

= (T - 7C/.
SO=( j((((0. 00[jj(9 4*Y - C.C00&Eqq)*X * C.11Ct6E37) *X

IR 0 O ~(Cj!5)*X 4 2!5,2* - g.1OC3Fq2l#Y + 0.42e2OL.4)fT
F TURN

220 CONTIN~UE
V ALOC (1)

SL0 !'.3~6Y* - O.C6?1i)*X
1 -0.5ER5# -C.C4(fe *)x 4 C.0l.S07?)4x + r01;~249~)X

2 -0 0GC8j)~ - C.G62CEFC)-#( 4 C.I6-,7IP)-X 4 *C7)Y
FFTU9N
ENO

C FUNrT!O SLI (K,!tL)
r IF (K -EC* 1) rCWTEF! FUKCTIC VALUE FOR FACALLEL POKE.
c IF (K .EC, 2) CCPFUTE FL~'CTTC' VALUE FCR FERFEN3TCULOP CANC.

IF F(K 1 .2) GC TC C
IF (T7C.10 CC IC 110
X = (T 0-

LI (04NX~ -. ji4~-W 4 C.0027E1L.9)'X

IV (I *CT. 4.0) CC TC 120
X T -* )/ o

SLI =( (4((3.49?E-4 - Fo4cEc#*)Iy - *02FX
1 + I 01ltGe7)*X - 0*0E1!!b4)PX * 0.7S3!37)*T'T

FFTUN
120 CCNTINUE

IF (I .1 10 * 0 GC IC 17C
N (T C .)/S.

EL1 ((((7.771f. I i.~F'X'1 * 0-01 20C34)*X .aC 13F) Y 4 02~.1C~~
FFTUCN
IF0 (71".CT, 100.0) GO 7C 14C

N= fLOC(T)
X= C.21011q0771q7E/Y -3.0

SLI z ( (((Pf.67F-rv)( - EFE-41*Y 4 0. 302t19!L)*X
14 C 00 111'. Y-(CS~t)* .S!7q*v
FFTU4N P C.(P2' .!7eTV

I 1le1 CONTINUE
IF I TlC~t GC TO 15C ~49



ELI = -)~ 9(I(6-- 2.7T-.F)4'X )X I.82E2*
I+ O0386fl22Ld ) C.PPE1)TY
FFTJ K

ISO CCNTINUE
YV AL C . (-

21 ~0.0?3224)Y + Lo3E713nT'v
F ETURN

200 CCNTI?\UE
IF (T CT. 1,G) CC TO 210

ELI = ( .I.E7 0 c9 *c, .2MF-W +' 1 * !2BE-3) *
1 0 0 A41E224) 4 E1 0.0!0' )*T

F ETURN
Z I0 CflNTIKUE

IF CC *C 00) G C 20

1 4 3 0.1 q E - X - 0 . 0LS 2F 4 G.281 0 1 T "T

;20 CCNTINUF
IF QI CT.I100.0) GC IC 20
'V = (TI'0317/ - f3.03.
5Ll = (F.206E-4~ - .22lE:7#Y)X - 2.P0lOE-3 X

1 4 a.18LC-'2)*X - O.GEU2rF2)3fY * G.057el~l) *T

30 ccN INUE
IF (T .CT. 1000.03 CC C 240
YV = 4LOC(T)
)V = .E1IL2197/Y -!0
ELI =(((2 EE06E-4X - 2.22E-7 ) .POF3*
4 8.1Fi[E)# 4 6.lEF2F1)*+T .057RV**

250 CTINU E

NV 77131cIr5lcf/Y - 1.0
ELI ( U(( EEME-44X 24E21t:)' 3y ~E 1 4

2 O .01F~1E-)*X 4 1*1471E~2)NT*Y
FETUgN

250 CNTI50



FROGFftM SFCTFAI (CLIFLITAFEL, TlPPI ,TAPr2 ,TAFE51
IIMF?'qI (t' LSC(2c),LCC(2'),FCP125),PPU(25)LPCU25I,LPL(15)9 STQU251

CIMEN'-Th AVEM?',EE7FP402
[!ME tSI C ' CCLCNT (L C 92 E) 4CRtT (4C,2?E)
CII'E?'SI C N F ACA I CC) F A CC( Fr) AC(7 5 0)
CC PM CN /iIFccm~ IsFp
FEAC ( 1 912) TE VP

CC 50C NCtsEs= 1, 2
FEWI?'D !
FEAC (19ES) NcPTC1

CC 40C NS9 =I1 NSFTCT
*FFAJ (IE) TSP

FFAC fi A 1 ) ?LEV EL S E A 'C FZh
CC 210 1 z 1, NLF -EL
I;EAD (1,,11 LSC(I) ,LCC (I) ,F(IQ) ,3V (I)

10 CCNTINUE
'k9d*=?LP (D R(I),STF (I)

20 CCNTINUF
rPAf) Q1E) NALT ?'FLFV

CC 221 Nj 2 = I L
FEAC (1,42) ICCNW7I.?NL)v NI 1, NIEVEL)

221 CCNTINUE
C CO?4FUTE PEAN TEVFEPA'YLrF A?'C CCL.U N CCUNTS

N NPLEY
CC t2S NL t, NIEVEL
CC 112 1 1, NA1.7
F ROt () CCKdIOL14TFP(I

112 U(N TINUE
p 0 . I

TC 0 . 1

CC1 2 C = 11 K
TIF =TP # - PP f PFC C (ht - 2 1 OP F5,92)

1* S!MF (FrCC(NA - #)10*5~ SIPF(PFCOC(Nt 5). IE45,I)
7r = *C 4 cIPPICCK(KA - 2,?L),.E,?

I + ST1IF(CCN(NA - 3',NL) I.GEf45,:) + ST~PPCOtK(?A - ,L1.FS?
CCLC?TK X -I + I 9i) ic
AVTE 'P(R - I + I,NI = /T

NA=NA -
ICRCKT(I,W =G.

120 CCNTINUF

7CH 8 .0
tA =NALT

Fn? RjSjjRSASE
F TOP = .!, B,,8 NALTI~fE 45
sVH SC 0TUOF F7CF - ~

Kv - T * 1
CC 125 J =1, KK
FTOP FTCr - j.(F45
STH SC97(QT(CP*FTCP - IZE2)
HF SVI- - 51)4

EVH Y

FTOP FICPF - I.CF45
cTH SCFTIQTJP*FTCP - PE?)

f4= SVI- - STP
SVH SI)-
FTOP = FTC F - I.Cr4S
STH S CRTI fR TOP * F ICF - RE?)

F7 SV- - STH
SVH =Slt-

CTH SC ~(Tp ,0 f-IE
F SV F -TH -F?

cVH SI)-
9TOP FTCf - i CE#5
STH SCFT(AES(AICF*RICF - FE2))
P-l Slit- - STH
tVH SIP-
TFH TFH 4 CINT(FriCCV?' - 2),H~ 15 S
I* CINT(FF;CC(NA ! ) 9'' H. ') , 6TNi(F;CCfNA -519HIV2,3)

7CM zTCP- 4 CINTiCCNIt' - iv L),H'q.t-59 )
t + nINT(CC?'(NA - ZqL),-!,HL,'-91 * OINT(CCKNN -5L),H19-,31

125 CCNTINUE
P-RCNT(19WL = TCI' 51
EVTEPP(1,?L) = TM-/TCP-



FPASE = PEASE * .CE45
12A CCNTINUE
12'S CCNTINUE

CC 40t NE = to N~tN
CC 27C I 1, NPLEV

FEA711 CCNT]?\UEtACQ)cA9Q

E Cn CCN71NUE

6 FCR'tT IE16)
P FCRMtT ( IF EE11I I

14 FCRMAT (IX)
I FCDV4T (IF' 2

41 F C F VfT (2 1 E95 F12.
4 ? F C R 1AT (8F IC ,L4)
4~ FCPMtT (FE.1,;E17.4)

FUNCT10NSVP(A9,K

IF tik - 2) 11Oia1C,12c
1 G r CCNTINUE

S!MP =(e.tV'A(2) *.~i
F;FT U;;N

lin CCNTINUE
SIMF = (e.C*A(2) 4 5.CfA(3) -()*Hl.
R ET U lzN

10 NTINUE
E2 M MP = 14 . C *A( A ( 1) f A Z 14~3 . 0
rETUCN

I M ki 4N A( 3
IF (K - 2) 1(!0,11C,J2C

ICC C CNTINUI,
TINT = (A(21*HS - A(1)I'2 - )F.)H/(**H*S

FFTU:FN
I In CONTINUE

1 CINT = ((2)MS - A(l)*H2 AU!)*Hi)*H2/(6.C#vHt*HS)

6ETUFN
121 CONTINUE

CINT = (Ai2)1'4S -A(1)4I2 - (3)*Hi )4(Hi**3 4 H?'43)
1/(EO'lS*9-I'I42) 4 (A(1V),F1 + ?~ A(3)*I-)*r.,s
FETURN
EIKD

52



FPOGRA14 SFCTRALO ICUIPLTI,TAFEL,,TAPEI,TAPE2,TAFE5)
IPNZCt LEC(?S),L CM2)

~IMEKSIC% CCN(IO) ,TfMPJ201)

~SIC~~A~) ~ R CE ( Si) ,RACC( 50)

CCMMCN hVLM(250ENtLS(25 C0),STPL( 2500)d'RAC(25001
CCIOMCI% SFEC(1e0l)
CC 60C J=j1914
FEWIK Nt
FEWI NE £.
FFAC (1,12) TEMP

CC 5001 NCAFES 1,I 2
FEWI?'D 5

CC I.OE I z19 1801
SPECM = C.0

18(E CCNTlNUE
READ1 (Qd) NSPTCT
READ QiE) TED'
FEAC (i,41),tLjVEL NEAt CqF

REA I, )( FS(I F )11=, 9=,0

CC 21C I =1, NLEVIEL
READ (I,LI) LSCC,LCCRCt PEV

,t0 CCNTINUE
CC 22C I =1t NEA?%C
READ (1.1.1) Ler'(l),L2L:,!TR

221 CCNTINUE
FEAC (1,6) NALTdFLEV

CC 2?1 N7 1,t NA~L
RFAC,( 1,2) fCCN( L),NL=1,NLEVEL)

221 C NT I NUE
IF (1SF *NE* 1) GC TC 225
CKTFF 2.0*I'ORC 70j,2)

C RCkFWLLR
CALL WAYIiF tRACC(j),RtpFVTE~ff,1) ,CNTH,1 ,LINESI
CALL FILTER (SPECHCAC 9WVKLt' LINES)

225 C NTINUE
C CN E=i ,WEANC

C MCI I1 ,RLEV

;!C CCNTIF'UE

tN =MCC (NEC/I CC, lo)
NF=MCC (NEC ,100)
IF M9t .G1o 19) .ANC. fTSF .EC* 7')) GO TO 40C

CALL RCIATE (5,L]NESI
CALL WATSTF (FAOC(J) g,BViEPF(J,NF ),2.0*4OPCNT(JNF),2,LINES)
CALL FlI TEP ASPEC,HIAC,WVNL',LINFS)

400 CCNTINU~

hFRITE (298) SPEC
SOO CCNTINUE

EGO CCNTINUE

6 FCPMAT (CIE)
8 F CR MAT fI1EFJJ,,3)

14 FCRMtT ( IX )
b.12 FCRMtT (IF6EE1.4)

41 FORMAT (21ESEl.2*4)
*4? FCRMAT (PE1C.4)

4-3 FCFM4T (FE .1,TEI 7.4)

SLtiRCUTINE WDrSTC (FAC,Rfl, ,rFN',N,LINES)
CC?'MCN /ISFCCM/ ISP
CCMMCN WVNLr'(2Q O ,)FLS (2FOO0)STP (2!O01) HRAC f 7500)

TOFAC =( e/)*s
IF (ISF *EC. 2) ICF AC =2SC/
iF t(VF *EC: 4) TGFAC = M.C/Tr.Ci TC A(IC,2Cl, 3EC)q

100 (CNr INU E
&A FA 53
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NICLIM = i.6E+4/ MPt(!)
~TAU = OFCSRI*)P(14egEL(IT

- * "Y( '7Ac / QiHOPV#TJJ)

TEAC = (T - vCTA'zUfTU

IOA *FF-P37*IC#/HLl 4 CE+4/bVNLI4(
TU NLFCHHLT

210 CCNTINU E
FAFC (TC/SU

CC 21C I = 1 LINES
FAT = 7I)GATFl(I)R0CF(TFFCEL(
T20 =C T LFCNUEL0*FI

210 tCNTINUE

IFTURN

ENC

FLNCIION SFUN (TOL)

F F(T~ e ,.0 GC TC 110
=(T - . 05

SFUN = (MO(. OO1OE1')t - P 0CI 4 288)*) 4 C.013686)~ *X (C.2*.41
Ox .Ii~q32b*Y - 0.2F7057)VY 4 0.55648F

FETUFN
110 CCNTINUE

IF (I .CT. 10.0) GO 7C 12C
X T - 7.C)/3.C

SFUN =(((((C.aO[3L7*X - C.Ctli1E7)'*X + 0.f031LR)*X - C.t0'S5451
i*X 4 0 oC262L.R) Y - C.CgiO??)*X 1o0.24?7qOa

120 CONTINUE
VI =LCG(l)

X=1.0/y
!FUN = ((((9.0E7e7E*X - 0.2EPECPl) 4 C*264FE9)*X

I- 0926CIE7)*X 4 * 0.2!!EP)X * 1.12e37(3)'S0RT(Y)/T
F FT UFN
END

tUORCUT'NE FILTEF (cPEf,;ZCqfrVNUtH,N)
m VLJK,~ AFl'ER INTERVAL

CCMtOCN /TSFf:CM/ I!P
CC 150 I 1 I Nt

FT =WVK N . I
CACT = W C(I

S (PT - £,.O)#C.5 4 2.0C
j .F (RI 1 ?95.0 )fO.5 4 1. 0
IF (.JS .11. t) is= I
IF (.jF .rT. IROI) ,. =19
IF (..; G~r, JF) CC TC 1 0

CC 120 J = JS Jr
FtV (= (j *1) *?7. 4 4 C C a
SP rlj i r((j) 4 (F.C - AESIRMUM PT-RCT00

V120 CrNTINUE
150 C CNIINU E

SU!3RCUTINF qCTATE (NI~',LINES)
CCPMMCN v1ICFCCM/ ISF
(CMFCN bUNLMf?5OC) ,ENLS(2!Cnfl,STP(25C) HFAC(2500)

FFAC (NIN) LINES
IF(fCF(NI N) 121,19,C

1If1 READ WTIN)VVNU10 7)ZSTF(I,~STq-fLNS
IF fECc( QPI),ENI(1)9:1,LIFS

Ii19 CCNTINUF

121 FFTUFN 54
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Appendix B

C LAST (7PANGE 17E IE, 197'?

Di 011 /jNK
t FFW!NC 3

0 E AO f3 q5 CC) TV'DE

!F(TYcc.E .HL) ~C TO 10
RFWIt\£ 3

WRITE(', 1000)
IC00 FC ,MAT(* E?!T rf% OrTSt;TSC AwO~ETAC10*)

READ( 1,-) EELT,Wi.NCXE ,C,AIF,CFF,STAFZT

ZEA~f3v5 00) ?rYDE , TTTLEN UP9 ,TREV AE9,FLT9ZT APT
WCTTE (?, 50)

~5 5r Fr M A'(* E NTT S T 4cT ST CF Av F ,OF FSE T)

15 RPI&NC 2
ynfELT=PcG./ (X Nf-W!NC)

X0~~c ''X£EL-l
WFIT E (29 50) TI TL E

c;6 FCrmAT(/ it5 X, A7 )

?C7f F0 R O Y I VAL eWE-N v~,9 AND *,FP.3)
W::I TE(2,3000 0) rFF,AtPP

7CCIJO FC -MAT(7 ,*AVPLITLrE R8NGE(*,F7 *0,* TO *,F7*0,*)*)

REhTNC ?
CALL FLOTS
CALL F:-IAPE~

1V2=8
1X2 =to

XN=~START

CO ICO 1=1 9 tCOOOO

-0 000 FO~RA T (16T5)
Ir( E C F(3 9C qc, 8 0

9 r X=X N
XN= )N,+16*0 EL T
IF ( XN.LT.WINC)GCTC 100

YJ=i4FLOAT(J-1) *CELT
IF( XJ.LT*WINC)GCTC SO

IX=~ IX?
IY= IY 2

X11 =X?4XrFELT
IX?=X 2

IF ( X2.GT 9 CO IGCTC 80o

IF(1IY2 LE.t) IY2=1

rALL L I"E( IW ,TYIVY29,12)

ROG REW~T .O 3

GOTC I
9o C r l0OF 7

END
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C
r ~H1S PfLTINE IKITTALIES T1417 PLOT EUFFER
C ANC THE '4NCEXPS INTC THE FLOT tU~rER.

'30CUTINF PLCTS
CJMICN/tXY/IT,ICXICLYICHY,'rOLXIOHX
CO MICN,1rLFFFF;/L8, LI',,ZR(5 (0)

L E =

1 IFl

RFTUSZN

r, THrS SU937CUTTNF PACKS A 12-SIT
c FLrnT INSTPUCTIC\ FCR THE TEKTRONIX INTO

rTHC' ELIFFER WI). IT IS PCRMATT~r TO THE
r 'PECULI AK 81 Sf rAm; EGUIFEVENSFR irMFOo

S U C) 0 TTNE SENE (I)
Crt'mof /3UFFER/L6,LW, IP(t 00)
I F!LW G;-:C)rOTC 2
LW= ,
LQ=Lg 41

2 IR(LB)C(AND4(Ie(LI*iSHIFT (tASK(4f),LW) ),SHIFT(I,LW))

RF-T LRN
END

C SUIRCU'INE Xp~TT
CrMM CN/IYY/ I T rC(, ICL Y, ICPNsIOLX pIOHX
C-CMMCN/EUFF ER/ LE,LW ,IP(c00)

CALL SE NEtI OHI)
CALL NC( CLY
CALL SENC(TOHX)
CALL SENEIIOLX)

IFLO"jr K'TO 2
rALISENEC C)

RETURN'
I, ENO

StRRCUTINE PACF

CALL SFISC(403?El
CALL SEN (&0141D

CALL SL SE(r 07F
CALL XM !T
P EU FN
E NI

56



C SLJFFOLTINE COPY

CALL 'SENC(4033e)
FALE SN(40?7E)
R~ETUR
ENE

';L-3PLTINE FRAFE
CALL L INE (10, 50S,900 ,091
FALL Lj NE(I0,EC 7 f
CALL LINE(IO;4itb3,9,9)

CALL LINEU(99 b890
CALL LNE(919,7fiM: ?899)
CALL L N;:( 10 9?,, 0C 7i7))

CALL L 107(10 , 90 0 , I )

ALL LT K7E(10 '76 8,11 C
CALL L I NE t' 11 7q011 9
CALL LINE(1 9S,768, 990)

VPTURN
END

C SUEROLTINE LINE(J,IJJ,IT)
CCMM CN/EUFFE~lL9

CALL S;:N [(40358)

CALL SENrUK)

CALL SEN CA(
K=.R A NG(SHTF T( J ,-5) -AK ( 55) 40 LOB)
rALL SENC(K)
K=OFI A NC(I ,7NA S K(55) 4LIn 0 R)
CALL SENCt(

v=0; A NC (SHIFT (II ,-F -:MASK (5 ) 4 C4 OR)
CALL SENC.()
K=O0(ANC(TI,-MASX(55)),p4l4OE)
CALL SENC(<1
KOF(AtC(SHIFT(JJP-5),-MASK(55))I4I0B)0
GALL SENn(()

CALL SENC()

IF(LB.CT,4.RO)rlLL XM4TT

FET LFN
END

'1 57



Appendix C

PLOTR EQU GF5H
PLTCS EQU OFTH
MDMCS EQU O-FH
MDMOT EQU OkEH
TXROY EOIJ o2
RXRDY EQU 2
8MOD0 EOU 83H
EOCHR EQU 83H
NOCHR EQU OFFH
LFTPN EQU 43H
ORPEN EQU 80H
LWAIT EQU 50 :TIME DELAY FOR PEN UP/DOWN
SWAIT EQU 255
OVRIT EQt) iOH
DICMP EQU 100100018
NXORG EQU 0600

ORG 3800H

IN MDMOT :CLEARS MODEM
MVI As, R ;CYBER RNH COMMAND
CALL X'IIT
MVI A, #NO
CALL XM1IT
MVI A, *H
CALL XMIT
CALL SNDCR ;XMITS *RETURN*
CALL HEXIN :IGNORE CRLF:WAIT FOR PROMPT

MVI A, BMOOC :INIT PLOTTER PORT

SET55 EqU 9
OUT PLTCS

* 44

LXI 4, BUFER ;RESET PNTER
SHLO P14TER

LXI H9 0 tCLFAR CURPX, CURRY
SHLO GtJRRX
SHLD CURRY

*4

IINITR EQU 9
CALL NXCHR : GET COMMAND
ADO A : OFFSET =24COMMAND

MOV C, A
MVI 8, 0

LXI H, COMNE GFT ADDRESS OF
DAD 3 COMMAND RuUTINE

NOV F, mi INTO DF9 THEN
INX H
MOV 09 M
XCHG INTO HL, THEN
PCHL INTO PC

COMNO F QU tiIOW PNLFT 1 MOVE W/ PEN UP

8w XGRAF : X- IS G OtiTINE
OW YGRAF 2Y-AXIS GRAPH ROUTINE
OW TXPLT 2PLOT CHAPACTERS
ow4 RETCR 2RETURN CURR. X9Y
OW SETCF 1 RESET CURR. Xy
ow ENDIT 2TERMINATE$ PLOTTING

COMMAND ROUTINES
J. 58
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PNLFT EQU S #I
CALL LIFT : LIFTS PEN IF NEC
JMP PNMOV : #

PNDRP EQU % ; #
CALL DROP DROPS PEN IF NEC

PNMOV EQU I
CALL REGIN #
SHLD ENOX
CALL REGIN:
SHLO ENOY READS ENDPTS AND

CALL PLOTS IOVES PEN THERE

JMP MNITR # #

XGRAF EQU $ ; PLOT x-AXIS GRAPH
CALL NXCHR GET X-INCR.
MOV Cl A B IS CLEAR
LHLD CURRX MOVE PEN TO 1T POINT
SHLD ENDX
CALL REGIN
SHL9 ENDY
CALL LIFT
CALL PLOTS

LOOPX EQU S ; PLOT STREAM
CALL REGIN : GET NEXT Y POINT
MOV A, H : CHECK FOR END OF STREAM
CPI NJCHR
Jz MNITF
SHLO ENOY

? 4
LHLD CURRX ; UPDATE X COORD
DAD 9
SHLO ENOX

CALL DROP ; INSURE PEN DOWN
CALL PLOTS

JMP LOOPX

YGRAF EQU S PLOT Y-AXIS GRAPH
CALL NXCHR : GET Y-INCR.
NOV C, A B IS CLEAR
LHLD CURRX : MOVE PEN TO 1ST POINT
SHLO ENDX
CALL REGIN
SHLO ENDY

CALL LIFT
CALL LOTS

LOOPY EQU I : PLOT STREAM
CALL RGIN 1 GET NEXT Y POINT
NOV A H 1 CHECK FOR END OF
CPI N3 CHR
JZ MNITR

.1 SHLO E,40Y

LHLO CURRX UPDATE X COORD
DAD 3
SHLO ENOX

CALL DROP 1 INSURE PEN UOWN
CALL PLOTS

JMP LOOPY

rXPLT EQU : 59
CALL NXCHR 1 GET SCALE



NOV E, A : AND SAVE IN E

CALL NXCHR GE, 1IRECTION
STA DIRN

CLOOP EQU I
CALL NXCHR GET NEXT CHAR* ZODE
CPI NOCHR ; RETURN TO MONITOR
Jz MNITR : AT ENC OF STRING

LHLD CJRRX 1 RESET ORIGINS
SHLD ORIGX
LHLD CURRY : #
SHLO ORIGY 0
LXI H, CHTAB DATA TABLE FOR CHAR GEN
ADD A I OFFSET=CODE*02
JNC ADOFF

INX H
ADOFF EQU I

ADD L " A CONTAINS OFFSET

JNC G SFG I OHL POINTS INTO CHTAB
INR H

GTSEG EQU f
MOV C, M : BC POINTS TO SE;S
INX H
MOV r, M

SLOOP EQU $
LOAX B GET NEXT SEGMENT CODE
MOV D, A 9 SAVE SEG. CODE IN 0
CALL CHGEN : PLOT SEGMENT
INX B : INDEX OF NEXT SEGMENT
MOV A, 0 6 #
ANI EOCHP 1 #CHECK IF LAST SEGMENT
JZ SLOOP : CONT IF NOT LAST SEG
MVI A, NXORG : OPEN UP, (j,6) 4 SCALE
MOV 0, A
CALL CHGEN : I:TERLETTER SPACE
JMP CLOOP FGF NEXT CHAR

RETCR EQU
LHLO CURRX SEND CURRXCURRY
CALL PROUT
LHLD CURRY
CALL RGOUT

CALL SNOCR : SEND 'RET"
CALL HEXIN 1 WAIT FOR PROMPT
JMP MNITF

SFTCR EQU t
CALL REGI1N
SHLD CURPX
CALL REGIN
SHLO CURPY
JMP MNITP

NDIT EQU
RST I : RETURN TO MJN:TOR

I/O UTILITIES

"EGIN EOU 9 ' 4 HEX DIGITS INTO HL
CALL NXCHF
MOV H, A
CALL NXCHF
MOV L, A
RFT 60



7....

NXCHR EQU I GETS HEX CONSTANT FROM BUFFER
PUSH B
PUSH 0
PUSH H
LHLD PNTEF CHECK IF BUFFER EMPTY
LXI 0, BUFEk
CALL CNPAF
CZ LOADR : FILL IT IF NECESSARY

MOV B, M GET CHARACTER
INX H

PUSH H
LXI 0, BUFEF
LHLD BUFLN
OAt] 0
XCHG
POP H

CALL C,4PAk
JN7 LOONE

LXI H, BUFER ;ELSE RESET PNTER
LOONE EQU S

SHLD PNTEF
NOV A, B
POP H
pop 0
POP 9
RET

LOADR EQU A
CALL LIPT 1 PREVENTS INK SPOTS
PUSH 1)
PUSH H
LXI H, BUFEF
CALL SIAKE

CALL HEXIN : GET WORL COUNT
NOV 0, A
CALL HEXIN
NOV F, A
XCHG " SAVE RUFFER LENGTH
SHLD BUFLN
XCHG

LOONG EQU S
CALL H-XIN GET NEXT WORD
NOV M, A
INX H
DCX a
XRA A : CHECK IF LAST WOFD
ORA E
JNZ LOONG
ORA 0
JNZ LOONG 1 REPEAT UNTIL DONE
CALL HEXIN 1 WAIT FOR PROMPT
POP D
POP H
RET

" * 48

"EXIN EQU 1 H 2 HEX DIGITS INTO HPUSH 8
CALL ASCHX r ASCII TO HEX CONVERSION

RLC
RLC
OV8 A SAVE HIGH CHARACTER

CALL ACHX 1 GET LOW CHARACTER 61



ORA B THEN ADO
POP i
RET

ASCHX EaU I ASCII TO HEX IN A
CALL RECEV GET ASCII CHAR
CPI qA'
JC ARNOA : JUP IF NUN3ER

AOl 9 ACJUST A-FSARNDA EQU %
ANI OFH CLEAR HIGH BITS

RET

RECEV EOU i
S MDMCS : TEST MODEM STATS

i ANT REROY
JZ RECEV : WAIT FOR CHAR

IN NMOOT t REAC CHAR
ORA A
JZ RECEV IGNORE NULL CHARS
CPI 3AH @ ,,,LF 1
JZ RECEV
CPI G5H **OCR
JZ RECEV
RET

RGOUT EQU 9 t (HL) To 4 ASCII CHARS

CALL HXOUT
NOV H, L
CALL HXOUT
RET

HXOUT EQU S " (H) TO 2 ASCII CHARS
MOV A, H
RRC
RRC
RR C
RR
CALL HXASC
MOV A, H 1 LOW 4 BITS
CAJL HXASCRE

.4.

HXASC EQU S (A) TO 1 ASC1I CHAR
ANI OFH SEND LOW 4 BITS
CPI OAH
JC ARNOC CHECK FOR ANC

ADI 7 : ACJUST A - F
ARNOC EQU 3

AN! frei FOR AS:II 'PREFIX"
CALL XMIT

EMIT EQU I
PUSH B
NOV C, A

ELOOP EQU 6

IN MQMCS 62
ANI TXROY
J XLOOP

- -A



OUT M6MOT
CALL RECEV
POP 9
RET

SHAKE EOU I
PUSH H WAIT FOR CYDER FOX
M~IT L, CAH aAPPRjOX* 1 SEC

EWAIT ErIU 3
CALL LONG
OCR L
JNZ Ev4AIT

POP H

MVI A, #if HANDSHAKE CHIAR
CALL XFIIT

SNOCR EQU 9
IN mJMCS: X?,,ITS #CF'
ANI TXRDY
JZ SNOCR

MVI A, ODH *PFTURN@
OUT MDMDT 1 FCHO k LF IGNORED
RET

PEN CONTFOL UTILITIES

LIFT EQU S
L34 PSTAT
ORA A
RZ
MVII A, LFTPN
CALL MOVP CONTROLS PLOTTER
JMP PWAIT

DROP EQU 3
LIA PSTAT
ORA A
P.NZ
MVI A,9 CRP7N
CALL MOVE CONTROLS PLOTTER

* INR A *PSTAT GETS 1.

PWAIT E-QU S.. 4
STA PSTAT 0

LONG EQU S
PUSH H
MVI Ls LWAIT

LL OCRF
LL ALL E IU S

OCRL ~~

JNZ LLOOP

POP H

40VE EQU B
OUT PLOTF : SEND INSRTUCTION
XRA A
OUT PLOTF- : FCLLOWEC 2Y C
CALL S40PT :WAIT 1.b5 MALLISEC

63



SHORT EQU $
PUSH H
MVI L, SWAIT

WLOOP EQU 9
OCR L
JNZ WLOOP
POP H
RET

ARITHMETIZ UTILITIES

OPSUB EQU f *
NOV A, E ; DOUBLE PRECISION
SUB L ! SUBTRAOTION ROUTINE
NOV L, A , 0
NOV A, 0 :
SBB H :0
NOV Ht A 61
XRA A 1 RESULT IN HL, ACCUM CLEARED
RET #

CMPAR EQU I #
NOV A, 0 1 DOUBLE PRECISION COMPARISON ROUTINI
CMP H S *
RNZ % $HIGH BYTES NE 0
NOV A, E % *
CNP L #
RET 0

SCALR EQU #
ANI 7 # 0

NULT EQU $ 8 X 8 MULTIPLICATION
PUSH B ROUTINE
PUSH 0 t HL GETS A'E
MVI C, 8
MVI D, 0 1 0
NOV L, 0 #
NOV H, L :#

MLOOP EQU 0
RAR * 0
NOV 6, A
JNC ARNDM 0
DAD D

SCNC : 0

ARNDM EQU S U PL, XCHG 1 SHIFT MULTIPLICAND LEFT
DAD H .0

K XCHG
OCR C
JNZ MLOOP # *

POP 0
POP B
RET 40

MAIN-LINE UTILITIES

;HGEN EQU $ : 0
PUSH 9 1 SAVE REGS,
PUSH 0
PUSH H

ANI 1000 : PEN UP/DOWN FIELD

JNZ CHKON ; DECODE PEN UP/OOWN
CALL LIFT #
JNP RELPT #

CHKON EQU 1 4
CALL DROP 0



RELPT EQU I
NOV A 0 D CONTS SEG CODE
CALL S8ALR (A.AND.*7TSCALE (E)
NOV 3, H LOADS BC WITH
NOV C, L RELATIVE Y

NOV A, 0
RRC 09
RRC It
RRC ; SHIFT FOR RELATIVE X
CALL SCALR 0 IGNORES HIGH BITS IN A
XCHG 1 STORE REL X IN DE

LOA OIRN COMPUTE DIRECTION OF TEXT
NOV H, A 0
ORA A SETS FLAGS
JPE DIRX ? JUMP IF ON X-AXIS (ML3)

PUSH B 1 SWAP X AND Y VALUES
NOV B, 0 t FOR VERTICAL LETTERS
NOV C, E (1&2)
POP 0

DIRX EQU S *
ANI LOB
JZ OIRY

XRA A ? COMP X VALUE
SUB E #
IOV E, A : .
MVI A, 0 9
SOB 0 4
NOV 0, A DE GETS -DE

DIRY EQU $
MOV A, H
AN' OtB 0
JZ SETPT 0

XRA A t COMP Y VALUE
SUB C : 4
MOV C9 A #
MVI A, a #
SBB B #
NOV S, A : BC GETS -BC

SETPT EQU s

LHLD ORIGX a
DAD 0 : a
SHLO ENOX #

LHLD ORIGY "
DA) B * a
SHLD ENDY : a

* CALL PLOTS : #

POP H PESTORE REGS.
POP C
POP 3

RET

CHTAB EOU A : DATA FJ CHAR G-N
Dw CHR26 :CHAPS
ow Cqk'33 C HAP p
OW CHR34 : CHARSI
O CHP. 35 : CHAP 3
OW CHR36 : CHARI
oW CHR37 : CHAF-
Ow CHR38 : CHARS F
oW CHR39 ; CHAF
OD4 CHR4O : CHARS r
DW CHPl1 CHARS I
OW CHR4 go CHARS J 654' ---



ow CHR43 CHAR~: K
DW CHR'4 : CHAP: L
OW CA R 45 C CHAR: M
ow CHR~ 4r CHAF,: N~
ow C-0.7 CHAK: 0
OW C4RI4 GHAF1
ow CHR49 CHAR :
ow CHR5( C HA F.: R
ow CqP91 I CH-A : 3
ow CHR52 :CH4A~t T*
DW CA R S3 ?CHAP : :J
ow CHR54 t CHAR: V'
OW Cr4P55 : CH4C
ow CA R% 5 ? CHARt x
Ow C,4 R5 7 !CHA-;: y
ow CHR5 : CHAA;. 7
OW C-4P16 :CHA : I
OW CHR17 CHAP: .
ow CARU1 CHA : 2
ow CrIR19 : CHAF: 3
OW C-U,'2C : CHAr 4
Ow CHrK21 : CHA6R: r
ow C 4f ?2 : CH4., :
L) w C+Q2 3 C CH A R 7
ow CHR24 CHAR:
oW CHR25 I GHAP: I
OW CHRII ;CHai :f
OW4 CHR~13 ICHAi: I
ow CH?1C :CWA:
ow CHR15 :CHAR: /SLASH4
ow C H c~ F CHk:(
ow CHR09 :CHAKI)
ow CAR4C4 :CHAF-: f
ow CHR29 :CH-AF:=
OW C4R%9 ICHAP.: BLANK
OW CHR12 C CHA ,
ow C 4P14 el CH p:
OW CHRG3 ICHAP: t POUNC - ,
ow Cqp,59 ICHAk.: (OPEVN SO 3t-KT

ow CHRH C HA;': I
ow SC0: CHAP: PFRGENT
ow CHR02 :CHAR: "CBL* QUOTE
OW CHR63 :CHAP : UNC&r-SCORE
OW C4RG1 CHAR: .XCLAm1ATION
ow CHRC6 Z CHAR: &.AMPE ,SAND
ow C'4R07 :CHA!-1 NAPOSTPOPHIE
ow CHR31 :CHAR: ?QUESTION MARK
ow CHR28 :CHAP: -
OW C - R 3C :CHAR I
OW CHR32 :CHAR: @COMMERCIAL AT
OW CHR6G CHAk: \BACK SLASH
ow CHR62 CHAR: ^CIFCUMFLPEX
ow CHR27 1 CHAR: 1
ow C4IR64 1CHARt APOSTROPHIE
OW CHRF)5 ;CHAR : OPEN PAf;E4
ow CHR66 : CHARS: VERTICAL LINE
ow CHR67 1 CHAR! CLOSE PARTEN
ow CiR68 Z CHARI TILDE

:HLST EQU S CHARACTER TABLES

CHR01 EQU $ CHAR:
06 0160
DR3 1120

6HR02 FO CHAR:

06 0340

09 3460

CHR03 *EfU 1 CHAR: 0
06 0130



DB 1260
OB 0360
08 1230
08 0350
08 1150
08 SO
0 8 40

,HRO4 EQU I CHARS 3
08 0020
08 1110
OB 1310
08 1120
08 1330
08 1130
08 1040
08 1150
08 1350
08 1440
08 0260
08 3200

CHR05 EQU 1 CHARS PERCENT
Oa 1460
06 1160

0B 1250
0B 1160
D 0410
08 1320
08 1210
08 1300
08 3410

,HR06 EQU $ CHAR: &
08 04ZO
08 1200
08 1t00
08 1010
OB 1320
08 1350
08 1260
09 1150
08 3400

CHRO? EQU I : CHARS's
08 0260
OB 3240

.HRG8 EQU $ : CHARS C
OB 0360
08 1240
OB 1220
08 3300

H9 EQU % CHAR I

0B 124008 1620

08 3100

CHRIO EQU $ ; CHARS
08 0L30
08 1350
08 0250
08 1230
08 01507
0 330 63'I.,



, HR1l EQU S : CHARS .
08 0130
09 1330
08 0240
09 3220

CHR12 EQU f ; CHARS ,

08 0220
OB 3100

ZHR13 EQU S CHARS -

08 0130

09 3330

CHRIU EQU f 1 CHAR:
03 -0110
09 3100

%
CHR15 EQU S I CHAP:

08 3460

'OHR16 EQU $ CHARS 0
DB 0100
03 1020
06 1340
DB 1160
06 1360
0B 1440
0 1420
0 1300
08 3100 * a.

MR1? EOU t 1 CHAR: I
0 0140
OB 1260
08 3200

:HP18 EQU 3 1 CHARS 2
OB 0050
0 1160
03 136006 £450

08 1440
OB 1120
08 1300
0B 3400

CHR19 EaU % : CHAR:S 3
08 9310
08 1100
08 1330
08 1410
0B 1420
09 1330
06 1230
08 0330
B 1440

08 1450
08 1360
08 1160
08 3050

3HRZO EOU 3 1 CHARS 4
09 0300
03 1360
D3 1020 68
08 3420

.1" o



COHRZ£ EQU S Z CHAR: 5

B8 00H
08 1300
08 1410
08 1430
08 1340
08 1140
08 1230
08 1060
08 3460

;HR22 EQU S CHARS 6
OB 0030
OB 1140
D0 1340
08 1430
08 1410
08 1300
OB 110

08 1050
08 1160
09 1360
08 3450

OHR23 EOU S CHARS 7
08 0060
06 1460
08 3100

6HRZ4 EQU t CHAR:
OB 0100
0B 1010
08 1320
0B 1130
08 1040
08 1050
0B 1160
DB 1360
OB 1450
08 1440
OB 1330

'08 s130
08 0330OB 1420
08 1410
08 1300
OB 3100

!HR25 EQU S CHARS 9
08 0010
03 1100
0 1300
08 1410
08 1450
03 1360
09 1160
OB 1850

08 1120
08 1320

08 3430

CHR26 EQU1140 CHARS I
08 14
08 1130 69



08 0120
08 3110

CHR27 EQU I CHARt :
08 0240
OB 1230
08 0220
08 3100

iHR28 EQU S : CHAI <
08 0460
08 1030
OB 3400

CHR29 EQU : CHAR:
OB 0040
as 1440
OB 3020
03 3420

WHP30 EQU $ : CHARt >
08 1430
03 3060

CHR31 EQU S : CHAR: ?
OB 0050
03 1160
0B 1260
08 1350
08 1310
0B 1130
08 1120
0B 0110
08 3100

;HR32 EQU S CHA,
c3 0330
03 1220
0 3 1130
03 124.0
OB 1340
OB 1320
0 B 1430
0 B 1440
D8 1350
O 1150
03 1040
0 1020
03 1110
031 1310
0" 3420

; ENQI FQU

*. 4*,'$

ORG GCOOH

PLOTS EQU S U
PUSH 3
PUSH 0
PUSH H

LXI 8, C : CONVIENT CONSTANTS

LHLO CJRFX 9

XCHG * LO4,S DE wITH CJRPX ANO RESETS CUR
LHLO ENOX 70
SHLO CJPPX A



9 XC 94G

CALL C41PAF COMPARES (OE) TO (HL)
JC NEG0X :ENDX<CURRX
JN7 POSOX :ENOX>CURRX

NOOX: CALL YCOMP COP9E NYAI URLOACS ACC
: AN~D THEN 3LEARS 13

JO QUA04 :. ENCY<CURRY
JN7 OUAO2 : ENOYICURRY
JMP WRAP FlJOY=CJP.RY

POSOD EOI 9
CALL YCOMP:*
JC QUA04 FNCY<CURFY
JMP OUACU. ENDY>=CURFY

NEGOX EQU S 0
XCHG *KFEPS UX P031TIVE
CALL YOOMP :
JC 6 UA03 :FNDY<CUFrKY
JNZ QUAO2 : ENOYCLJ'<FRY
JMP OULAD3 ;ENOY=CRY

OUAD4IRLC 4
INR 9

GUAD3tRLC
INR B #
XCH" . KFEPS DY POSITIVE

QUA021RLC #(OE)=GTR(ENDY, CURPY)
INR B # (HL)=LSR(CURKY, ENOYI

OUADiIRLC
INR 8 *
ANI OFH 1 USE LOWEST 4 BITS
STA OIAG :COMPUTES OY=(DE)-(HL)
CALL OPSUR COMPUTES DY (OE)-(HL)
SHLO DY 0 AND CLEARS ACCUM.

mov 0, C
MOV E, C *(DE)=O
XCHG 0
SHID TEST 4
SHLD TEST + 2 :
SHLD COMP:
5'410 COMP + 2 :CLEAR~S VAFIABLES
STA MAJ 4
CALL C4PAR COMPARES (DE)&(HL)ooo 0 L DY

Jz SEC5 *DY = 7E i-O
XCHG
LHLO OX
XCHG *0
CALL CIPAiR 4 .0 atox
J7 Sr:C5 DX=ZEFO

ILb4LD DY #
CALL CMPAP

: C HISEC OX'OY 9 M>1
MVI A, 1 : X.=DY, M<=1
STA MAJ 1MAJOR = I

LOA DIAG #11ANI 31018 : COMPUTES HORV
DAD H I DY*2
CALL CnIPAR : 5Cc
*JC SrC2 D X<2*DY, 5<c
imp StCi : X'=24OY9 O<M<.5

I4ISEC EQU I
LOA flAG :
ANI 1010B COMPUTES HORV
STA HORV :
XCHG *(OE)=OY, (HL)=DX
DAD H *OX*2
;ALL CMPAR4
JC SEC3 1OY<2qOX' 1(#1(2

- - -~ Tl



JNP SEC4 1DY)=20OX, M>2

SECS EQU 9
XRA A
STC ;A IS 0

LOOPS EQU t
RAL:
OCR B LOOP COMPUTES
JNZ LOOP5 # PLOT CHAR
STA HORV 1 FROM QUADRANT (B)
NVI C14:

SEC41 INR C1
SEC31 INR C
SEC21 INR C
SECil LOA DIAG :PROCESS QUADS 3, 4 SEPARATELY

ANI i600B
JNZ OA034;
NOV A, f
imp S6RIV

QAD348MVI At 3 1 0
SUB C

SDRIV EQU 9
STA ORIVR 0

LINSET
LHLO OY*
XCHG 9
LHLO DX *(DE)=DYp (HL)0DX
LOA MAJ 0
OCR A :9

IN XNAJ PFOCESS ABS(SLOPE))'i SEPARATELY
XNAJ EQU S

SHLO DXI

NOV At C 0
NOV B, H 0
NOV C9 L 0
DAD H
XCHG #(OEI=2*DXI9 (HLJ=DXJ
SI4LD OXJ
SHLO JOIFF

SUI 4 1A=OLO C (SECTOR$
JZ XSORV 1TRAP OUT AXES
PUSH H :, O(BCI=IDIFF, ((SPJ)=JOIFF
LOA ORIVR 0
ANI I PROCESS DRIVERS 1, 3 SEPARATTELY
JNZ LNTST:
SHLO COMP COMP=JDIFF

SH8TEST : (OE)=DXJ IHL)=2*OXI
: TESI=2*IOIFF

.1LNTST EQU S
XRA A 1CLEAR A
LXI He OXI 01#
ORA N o
INX H *1 0 .
ORA N
INX H *:#
ORA N
INX H :9 #11ORA N :90
JNZ LNCNP :9 IF((OXI.OReOXJ).EQ*C)
POP D : CLEARS STACK

JNP WRAP :RETURNS TO MONITOR

LNCMP EQU I T 2



(TEST-GOMP)
L'LO TEST 62 1

LH8COMP + 2 :8,
CALL CPIPAR :9 6
JC PI4ORV :
JNZ POIAG 0

LHLD TEST
XCHG:*
LHLO COMP:
CALL C4PAR 4
JC PHORV 9
JZ FITST I

POIAG EQU I
LOA DIAG #
CALL MOVE :SEND TO PLOTTER
LHLO OXI :
OCX H : XI=DXI-l
SHLD DXI I
LHLD COMP #

PUSH '4 0 BUT LEAVE ON STACK
DADO:
S4LO COMP8
JNC PWRAP :

LHLO COMP + 2
INX HI
SHLO COMP +2 4

NP PRAP:
EQTST EO0U 3

LOA DRIVP
OCR A#
JZ POIAG:
POP o :
PUSH 0 1BUT LEAVF ON STACK
NOV Ho 8 0

NOV Lt C :

CALL CMPAR ; *OE)=JDIFF, (HL)=2*IOIF
LOA DUIVR :
JNZ TSTDI a
CPI 3 0
JZ POIAG 0
JMP PHORV #

rSTD1 EQU I #
OCR A
Jm POIAG 0

PHORV EQU s
LOA HORV 0
CALL MOVE :SENC TO PLOTTER

PWRAP Fou s 9
LHLD DKJ 9
OCX H
SHLO OX
LHLD TUST
DAD 93 CALC. TEST
SHLO TEST 8.
JNCO L TST 0
LHLD ES-T 02 :1 0
INX H 0
SILO TEST 2 :
JMP LNTST *

'I SORV EQU S U
DAD 8 ADD (BC)=IDIFF TO (HL)mJOIFF
LOA HORV 0
NOVI ivU A LOAD C WITH HORV
NOV At C 88ALL M OVE ISEND TO PLOTTER
ORA L A WAS CLEAR

T3



OqJI
JNZ PAXISORA HJNZ PAXIS

WRAP EQU S
POP H 1 RESTORE
POP 0
POP 8

RET

;COM4P EQU S
CALL OPSUB : COMPUTE OX
SHLO OX

LHLD CURRY #
XCHG
LHLD ENDY
SHLO CURRY 0
XCHG
CALL CMPAF • *
MVI A, DICMP : LOADS A WITH 10010001B
RET * #

CHR33 EQU S 0 CHARS A
08 1050
08 1160
08 1360
013 1450
OB 1.00
DB G030
OB 3430

VHR34 EQU S t CHARS 8
08 1060
D8 1360
08 1450
06 1440
08 1130
D0 0330
OB £420
08 1410
08 1300
08 3000

iHR35 EQU S CHARS C
08 0450
08 1360
08 1160
08 1050
08 1010
OB 1100
08 1300
08 3410

CHR36 EOU I CHAPS 0
08 1060
08 1360
D8 11.50
08 1410
08 1300
08 3300

iHR3? EQU I CHARS E
08 1060
08 1460
08 0230
08 1030
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CHR38 EQU S : CHAR$ F
08 1060
08 1460
08 0230
DB 3030
0,4

CHR39 EQU 1 1 CHARt G
09 0230
08 1430
08 11.10
08 1300
09 1100
08 1010
08 £050
OB 1160
0 1360
DS 3450

CHR40 EQU I ; CHA i H
09 1330
09 0330
08 14.30
08 0460
OB 3400

,HR41 EQU I 0 CHAR: I
01 1400
08 0460
08 1060
D8 0260
03 300

* 00

CHR42 EQU 1 1 CHAk: J
03 O2o06 1010
08 110
08 1300
08 1410

* 09 3460

'I iHR43 FOU S CH:A K
09 1060

SOB 0020
06 11460
08 0130
0 E 34Co

SHR44 EqU i CHAR: L
03 0060
3 0 1000

08 .1c0 .

CHR45 EQU I CHAR$ H
H 08 1060

08 3'eG0

WHR46 F.QU S CHAI N
08 1060
0 1.00
03 3460 *0 7 5

-i'9 •'



CHR4? EQU ; k CHARS 3
08 0010
08 1050
03 1160
OB 1360
03 1450
03 141008 1300
OB hoo

:HR48 EQU S : CHARS P
08 1060
08 1360
08 1450
03 1.440
08 1,330oa3 3030

HP49 EQU i I CHAPS Q
08 0010
08 10500O3 1160
09 1360
08 1450
08 1410
08 130003 11c0
08 1010
0B 3310
08 3400

:HR50 EQU 3 1 CHAFS R
08 1060
09 1360
0 1450
08 1440
08 1330
08 1030
OB 0130
D0R 3400

* 44

HRSt EQU % 1 CHAR: S
08 0010
08 1100
03 1300
as 1410

08 1330
0, 1130

RB 18
08 1160
08 1360

* 08 3450 *4

CHR52 EIU 9; CHARS T08 0060
DS 1A60

08 0260
09 3200

CHR53 EQU i CHARS U
08 3060
08 1310
as 1100
D8 1300
08 1410 T6



08 3460

IMR54. EQU t CHARS V
0a 0060
08 1200
08 3460

CHR55 EQU $ : CHARS W
D0 0060
08 1060
08 1230
DO 1400
08 3460

,HR56 EQU S : CHARS X
o 1460
09 0060
08 3400

HR5? EQU S CHAR: Y
08 0160
08 1230
08 1460
08 0230
08 3200

114R5S EQU S 1 CHAR: Z
08 0060
08 £460
08 1000
08 3400 :4.

iHR59 EQU CHARS t
08 1460
08 1260
08 1100
08 3400

* 44
IHR60 EQU S ; CHAR: S

DO 0060
08 3400

, HR61 .QU I CHARS I
e 126008 3060

!HR62 EQU SCHR
08 0030

HR63 EQU S 1 CHARS0B 3O00

;HR64 EQU : CHARS
08 0160
08 3240

IHR65 UEU 1160 : CHAR,

08 1350
08 1340

81 1230 TT
8 1320



OB 1310
08 3400

4CHR66 EQU S CHARS
0o 0250
083 3210

GHR67 EQ CHARS
DIU 100
08 1210
08 1220

08 1240
08 1250
08 3L60

CHR66 EQU S 1 CHARS
08 0520
08 1130
08 1310
DS 34i20

iHR69 EQU I CHAR$ BLANK
08 2600

EN02 EQU S-1

ORG 1000H
ENOX: OW #
ENOYS OW 8 #
CURRXIDI 0 #
CURRYIOW 0 #
DRIGXIOW 0
ORIGY SOW 0
DXI OW 0
DYS OW 0
DXIl OW 0#
riXJl OW 0 u
IDIFFUOW a
j0IFF SOW 0

DIAGS 08 0
HORVI 08 0
ORIVRIS 0
MAJI De 0
SCALE1OB 0
DIRNI 08 0
PSTAT80B 0 ; PEN STATUS WORD
OSTAT EQU i ; FLAG INDICATES PEN DOWN
USTAT EQU 0 :FLAG INDICATES PEN UP

lESTl OW 0

COIPOW 0w a
ow 0

PNTERtOW a

BUFINIOW 0

BUFER EQU SORIGIN OF BUFFER
LSTNO EQUSI

END
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